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TT" compact, self-contained and highly specialized 
nature of the Timken organization enables it to 
get to the root of a customer's or prospect's steel 
requirements without loss of time. Furthermore, per- 
sonal control is direct and close enough at all times 
to assure instructions being accurately followed. Isn't 
this the kind of organization with which you would 


like to do business? 
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LLOY and TOOL STEELS 


@ Progress in the S.A. E. steels has been 
in better steel making and better apprecia- 
tion of the possibilities of each alloy. 

Irend of new steels has been toward lower 
slloy contents; they are used as rolled and are 
nteresting railroad executives and naval con- 
tructors. . . . Tool steels are being made to 


oser chemical limits and with less decarburi- 


ition at surfaces. .. . ae 
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AN INTERESTING example of what a lot of work a 
small amount of Molybdenum can do may be found 
in the following comparison of two steels: 


No. 1 No. 2 
-28/.37% .23/.30% 
Mn .30/.70 .30/.70 
Cr .65/1.35 .75/1.00 
Ni 3.00/3.50 2.55/3.05 
Mo nil .30/.50 


Elastic Limit 
Ult. Tens. Strength 


116,700 p. s. i. 
135,200 p. s. i. 


130,000 p. s. i. 
142,000 p. s. i. 


Elong. % in 2” 19.6 20.5 
Red. of Area % 57.1 65.0 


Thus it will be seen that the addition of less than 
one-half of one per cent Molybdenum, with lower 
Nickel and Chrome, produced an increase of 13.000 
Ibs. in Elastic Limit and 7000 Ibs. in Ultimate 


Strength. At the same time, Elongation was raised 
1% and Reduction of Area 8%. 

This is just one of various directions in which 
“Moly Improves Steel and Iron” (which is the title 
of a book we have recently printed for the benefit of 
executives and engineers). The cost of the smal! 
amount of “Moly” required is in distinctly profitalle 
relation to the results achieved. 

Our new house-organ, “The Moly Matrix,” en- 
ables you to keep up to date in the progress of Molyb- 
denum. Ask to be put on our mailing-list. Write also 
for these interesting new books: “Molybdenum in 
1934” and “Molybdenum in Cast Iron -—— 1934 Sup- 
plement.” If you have an alloy problem, let our 
metallurgists and modern experimental laboratory 
in Detroit help you. Climax Molybdenum Company. 
295 Madison Avenue, New York. 


VISIT OUR BOOTH, No. 114, AT THE NATIONAL METAL EXPOSITION, NEW YORK, OCTOBER 1—5 
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ITHOUT attempting to lay down a defi- 
nition of “alloy steel,” let us include in it some 
of the high strength commercial steels which 
have no alloys intentionally added except a con- 
siderable excess of the always-present manga- 
nese and silicon. Such a group of alloy steels 
might be subdivided into two main divisions, 
lirst, engineering alloys such as the S.A.E. speci- 
fications would call for, and second, the high 
strength steels containing lower alloys, as re- 
cently developed. 

There have been remarkably few changes 
in the chemistry of the S.A.E. steels in the last 
4) vears. Steel and alloy manufacturers have 
devoted an enormous amount of time and atten- 
tion, however, to the studies of the properties of 
each of the familiar alloy series, and the result- 
ing information enables the user to choose a steel 
ind a treatment likely to suit the peculiarities 
of the part under study. Likewise the steel mak- 
ers have given much study to the proper methods 
of refining, casting, and rolling, with the result 
‘that the physical properties and the uniformity 
of the material in the hot rolled condition are 
indoubtedly superior to those of ten vears ago. 

Attention has recently been given to the sub- 
ect of grain size; it is still actively in the minds 
! both producer and consumer, as is shown by 

dozen discussions on various phases of this 

ibject scheduled for the National Metal Con- 
ess in New York this month. R. L. Wilson 
rote a paper for Merat ProGress in August 
hich presented the practical aspects of grain 
ze in alloy steel. His general conclusions are 


it the coarse grained steels have good machin- 
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ADVANCEMENT IN 


LOW & MEDIUM 


ALLOY STEELS 


ability, intense hardening, easy coarsening of 
structure, and are good for high temperature 
service above 950° F. (as in oil refineries). The 
fine grained steels are recommended for eco- 
nomical case hardening, good toughness, super- 
ficial hardening of the direct hardening steels, 
small amount of warpage in hardening, best 
mechanical properties of untreated steel, and 
service at temperatures below 950° F. (as in 
steam power plants). 

There has been a growing demand from 
consumers of high grade alloy steels for mate- 
rial more closely specified as to grain size, adapt- 
able to economical production in forge and 
machine shop. Only during the past three vears 
has control of this property been extended to 
open-hearth steel. Where formerly a spread of 
four numbers was the best that could be guaran- 
teed (that is, shipments would range from, say, 
grain size 5 to grain size 8), definitely fine grain 


(size 6 to 8) can now be regularly secured. 
Nickel Steels 


While nickel steel was not the first alloy steel 
to be used commercially, it certainly was the first 
simple alloy steel to be used in a way we now 
believe alloy steels should be used — namely, in 
a carefully processed and heat treated condition 
to develop valuable characteristics impossible to 


i 
- 
Ve 


Historically, also, it is 


secure in simpler steels. 
of interest to know that the first application to 
a production job in America, other than isolated 
instances for large shafting, was in 1895, when 
Tom ‘Towne prevailed upon his firm (Union 
Drawn Steel Co.) to get some armor plate from 
Carnegie Steel Co. and roll and draw this 5% 
nickel steel into “figure-8” sections. These were 
then fabricated into bicycle sprocket chains by 
Whitney Mfg. Co. for the Pope bicycle and gave 
much better service than carburized carbon steels. 

Long experience (long, as regards the age 
of alloy steel) with nickel steel is responsible 
in part for its popularity. Nickel introduces no 
complications in the steel refining process, and 
it is relatively easy to fabricate metal in the as- 
rolled condition with yield point of 50,000. psi. 
(compared with 35,000 psi. for carbon structural 
steel). 
for long spans where weight of members is an 


Hence its popularity with bridge builders 


important consideration, and where heat treat- 
ment of heavy sections is frowned upon. 

As a matter of fact, we have more infor- 
mation on the heat treatment of heavy sections 
of nickel steel than any other alloy, and many 
firms have been quite successful in such impor- 
tant work with armor plate, big gun tubes, heavy 
shafts for ships, and electrical machinery. — Its 
success here is partly due to the fact that the 
commercial alloys are relatively insensitive to 
minor variations in heat treatment, inseparable 
with large pieces or with mass production, 

The net of accumulated experience is that 
nickel steels warrant careful consideration by all 
intelligent metallurgists when the maximum duc- 
tility, toughness, and endurance are required in 
important parts whose exact working stresses 
are doubtful or, if known, likely to be exceeded 
occasionally, This situation can be expressed 
qualitatively by the statement that crankshafts, 
connecting rods, rocker arms, and main gears in 
engines for aircraft, rail cars, and racing boats 
are usually made of the 3144 or 5‘ nickel steels, 
and that they are widely used in excavating, 
mining and quarry machinery where excessive 
Quantita- 
tively the facts may be stated by 


shocks are frequent. 


Stee/ SAL. 2340\ Steel SAL 
Carbon 0.40% 0.404 
Nicke/ 5.5 %& none 
Ultimate strength 750,000psi. 750,000 
Yield point 1352 000ps/. 7712.00 
Flongation in Zin. 18% 9% 
Reduction of area 56% 54% 
[zod impact 56 ft-/b. 13 Felt 


Some study has recently been given to tly 
problem of toughness of steels at low tempera 
tures — not only the sub-zero ranges encountered 
by aircraft at high altitudes in winter, but also 
for making carbon dioxide refrigerants, for puri 
fving gases at liquid air temperatures, and for 
de-waxing of petroleum products. Strong car 
bon steels containing O40 carbon and mor 
become brittle at arctic temperatures; experi 
ments also show that austenitic alloys like low 
carbon 18-8 and monel metal, which have no 
phase change induced in them at low tempera- 
ture, have their toughness practically unimpaired 
even in liquid air. Intermediate are the mild 
carbon steels and various common alloy steels 
in the annealed or normalized condition which 
maintain their original toughness reasonably 
well to some temperature below zero but loss 
most of it on going colder. 

The 3° nickel steels have shown quite well 
in laboratory tests. Ability to be welded with 
special filler rods into joints having much thy 
same properties as the adjoining plate have war 
ranted their use in a number of vessels working 
at 400 psi. at —310° F. Charpy tests on notched 
specimens of plate and weld metal are shown in 
the table below. At —300° F. these values drop 
to 5 or 6 ft-lb., which, while low, seem to be ad 
quate in view of the satisfactory use of the equip 
Unnotched Charpy bars, tested cold afte! 
to clear th 


ment. 
immersicn in liquid air, bend 90 
hammer without cracking. 

Other studies suggest that the low tempers 
ture toughness of steels may be increased !) 
combining a carbide-forming element like \ 


Charpy Impact [Unnotched Bars) at Low Temperature 


averaging a large number of tests 


475% OF |-25°|-50%F| -75°%F|-1 


on 0.10% carbon steel heats, some 
with 312°. nickel and some with- 
out alloy elements, but all heat 
treated to the same ultimate ten- 


rolled 


sile strength. These are shown 


in the table at the head of the 


As welded 


Plate, 3% nicke/ stee/ 


Stress relieved at 1200% | 46 42 55 FF 
Weld meta/ 


Stress relievedat1200F\ 39 47 34 


46 42 | 36 37 | 36 | 2 


40 | 43 | 53 5? | 37 | 36 
40 | 56 | 38 


next column. 
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pered at about 800° F.) This rel- 
atively simple treatment after 
carburizing avoids the expense 
of multiple heatings, and much 
of the resultant distortion, Ex- 
perience also shows that many 
economies result in the manu- 
facturing line, and in-service 
this steel has excellent wear re- 
sistance. 

From the steel maker's 
viewpoint, the nickel-molyb- 
denum steel is desirable because 
none of the alloy is lost during 
refining, or during remelting of 
the serap. 

The result is that the single 


Vickel Steels Are Found in Engine Parts On All Fast Craft a 


quenching analysis has become 


favorite among automotive 


nadium with austenite-forming elements like 
This fact, in conjunction with what we 


know about the mechanism of embrittlement of 


nickel. 


certain austenitic and ferritic alloys after long 
stay at moderate or elevated temperature, indi- 
cates that the origin of the embritthement may 
be the same namely, separation of sub-micro- 
scopic particles of carbide phase — and the cure 
may be effected by alloying with some strongly 
carbide-forming element like titanium or colum- 
bium by preliminary stabilization 
treatment which will precipitate and agglomerate 


some 


and so render harmless the phase which other- 
wise would separate and embrittle the metal al 
low temperature. 


Molybdenum Steels 


Nickel-molybdenum steels are not new as 
regards their application to roller bearings and 
gears, but one or two new analyses for specific 
purposes have been recently put on the market. 

As is well known, the nickel-molybdenum 
stecl was developed for case-hardening. Carbu- 
rized nickel steel gears, for instance, are pre- 
ferred by many to direct hardened chromium 
steel gears for their greater toughness and _ re- 
sistance to wear and shock in severe service, but 
they require a double treatment to refine the low 
arbon core and the high carbon case. It was 
liscovered that the 1.75‘. nickel, 0.25 molyb- 
‘chum steel (S.A.E. 4615) of fine grain size will 
esist grain growth at carburizing temperature 
» that the carburized part is tough if oil 
ienched from the pot (sometimes they are tem- 
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part makers, where mass pro- 
duction and close metallurgical 
control have given a high degree of uniformity 
and reliability for it in many parts, including 
transmission gears, especially when the steel has 
been properly made and prepared so it can be 
quenched direct from the carburizing pot. (An 
interesting recent application of S.A.E. 4615, not 
heat treated, is for condenser tubes using salt 
or brackish water.) 

Since a saving of half the nickel was ef- 
fected by a litthe molybdenum in substituting 
S.A.E. 1615 for 2315, a similar effort has recently 
been made to substitute a 346°. nickel steel with 
0.25. molybdenum for the 5‘ nickel steels ordi- 
narily used for very severe duty, as carburized 
Sim- 
larly a O4A0% or 0.50% carbon analysis (1.75° 
Ni, 0.25°. Mo) has been found suitable for oil 
hardened gears, having the qualities of machin- 


gears and pinions in trucks and busses. 


ability and hardening without warping. 
Chromium-molybdenum steel for rear axle 
shafts is an interesting recent development in 
S.A.E. 41400 (1%) chromium, 
molybdenum) is being used in the 1931 


low cost alloys. 
0.20', 
models by six cars in the $1000-up class, one 
truck, and by one parts manufacturer of light 
they 


are drawn, depending on type and service of the 


weight axles. Oil quenched from 1525 


shaft, as follows: 


Drew (epproximate)| 1050. 900 F. 

Brinell hardness 3577 to 340 | 364 to 478 
Yield strength 150,000 150,000 psi 
ensile strength 93 Ds psi 
Elongation in Zin 789 144 
Reduction of ares 50% 48% 
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As to the manganese-molybdenum steels, it 
has been established that 0.25°° molybdenum 
will improve the Izod impact values of medium 
maganese steel at least 10°, a change associated 
with a fine grained microstructure. Molybdenum 
also appears to improve the uniformity of re- 
sponse to heat treatment, decreasing the number 
of rejects beyond specification limits when a 
medium maganese steel without molybdenum is 
carburized, 

Medium manganese steels with molybdenum 
carburize about 25‘¢ deeper in a given time than 
the nickel-molybdenum steels (S.A.E. 4615). 
Transverse strength of hardened bars is about 
the same, but the impact strength of the case 
hardened and heat treated Izod bars is inferior. 
Vickers hardness of the steel, oil quenched from 
the pot, is 715, and this hardness is maintained 
to a depth of 0.085 in. These characteristics in- 
dicate its usefulness for inexpensive gears and 
bearings, for instance, where the load is steady 
and not severe, and lubrication somewhat detfi- 
cient at times. 

Carbon-molybdenum steels have had a re- 
cent revival in interest, due to the fact that C. 
Hi. Wills, one of the War-time proponents of the 
then-novel alloy, is studying its applications to 
automotive engineering for the Chrysler Corp. 
No public statements as to the trend of plant 
practice have yet been made other than that 
such a steel is being used for the helical springs 
in the new front wheel suspensions on 1931 
Chrysler models. 

Possibly many of the supposed disadvan- 
tages of carbon-molvybdenum steels will evaporate 
when real metallurgical attention is given to 
them. At any rate, its characteristics as an alloy- 
ing element (the promotion of air hardening and 
hardening at depth, the interference with grain 
growth, the widening of the heat treating range) 
all indicate that it may improve a good carbon 
steel, and be a useful alloy in its own right. 


Chromium Steels 


Chromium, also, is an element appearing in 
allovs with other elements, such as nickel and 
vanadium, and there is little to report about 
these S.A.E. steels, other than that which has 
already been said about a better appreciation 
of the utility of each particular analysis which 
indicates an important future for the 5100 series. 

Remarkable advances have occurred in the 
last five vears in the field of stainless and heat 


resisting steels, all of which depend on high ch 


mium for their properties, but this is discuss: < 
in another section of this issue (page 23). St 
ies of plain chromium steels containing up ‘o 
6°. chromium have also developed interesti 
and valuable possibilities. 

This whole matter was discussed at len: 
by S. M. Norwood in the last issue of Mery 
ProGress, and consequently need not be repeated 
here. Suflice it to say that air hardening takes 
place even in 1° chromium steels if the carbon 
is much above 0.35‘. (as indeed was found out 
as early as 1868, much to the annoyance of Capt, 
Eads who was then building the arch bridge 
across the Missouri at St. Louis, and the early 
steel mill which broke many a roll in making 
the required shapes). If chromium is at 3°-, th 
steel air hardens with as little as 0.10°° carbon, 
with a good combination of toughness and hard- 
ness, and these grades with or without moly! 
denum and nickel are well suited to such parts 
as rock crushing equipment and dipper and 
dredge teeth. Railroad rails with 3°, Cr, 0.30° 
C are giving excellent service on heavy main 
line track, as shown by Professor Waterhous: 
in this magazine last April. 

Low carbon steel with 4 to 6°) chromium 
(and 0.5°. molybdenum to take the carbon away 


Chromium Steels Are Favored for Hardness 
and Wear Resistance. Photograph of a hard- 
ened roll in grinding machine by John P. Mudd 
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m the chromium so the latter can act as a cor- 
sion resistor, or enough titanium to eliminate 
air-hardening tendency so the material can 
worked) makes excellent tubing, castings, and 
er equipment for moderately severe service 
oil refineries —too severe for plain carbon 
els, which may have only from 10 to 20° of 
life. This useful steel is midway between 

e engineering alloy steels and stainless. 
At the low end of the chromium range is the 
chromium low carbon. steel, containing 


silicon and 0.50% molybdenum. These 


iow cost steels, in the form of tubes, have a life 
n petroleum equipment two or three times as 
long as plain carbon steel considerably 
sreater creep strength at 1000° F.— possibly due 
to the silicon and molybdenum content. Corro- 
sion resistance increases with the chromium. 
Similar low chromium steels containing 
0.45°. carbon, and therefore air hardening, are 
useful under high stress at 1000 to 1100° F., for 
bolts and studs, on account of their high creep 
strength. steel with 2.25°° chromium and 
0.50°) molybdenum has been made into tubes for 
chemical plant, with a good balance of creep 
resistance, corrosion resistance, and cost. 
telative oxidation and creep resistance of 
these steels are given by Wiewel and Wilson in 
National Petroleum News, August 1, as follows: 


High Temperature Properties of low Alloy Steels 


loss Ly Stress for 
Oxidation\| 1% Creep 
Composition in 1000 
ot 1200F. | at 7000F. 
0.15% cerbon stee/ 35.2469.\ 3,200psi. 
4to6% chromium 7.086 6,000 
Same with 7% W 0.802 5,650 
Same with 0.5 % Mo 1.798 7,00. 
0.50% Mo stee 4216 9 600 
2507 O50Mo, 0.15C 1.785 715,000 
‘25 Mn, 0.25 Mo, 0.15C 8,30 
1.25 Cn 0.75 Si,1.0W.0.30V,0.45C 13,500 
8% Cr, 8% Ni 75,000 


Another marginal steel on the lower end of 

the alloy steel range is the so-called cromansil 
steel, containing about 0.50°> chromium, 1.25‘; 
manganese, and 0.75‘. silicon. Silicon increases 
he yield point without detriment to the machin- 
bility; manganese is important in raising the 
usile strength, and chromium appears to in- 
usify these effects without impairing an excel- 
it ductility and toughness. This steel has been 
omoted as a low alloy of good properties in 


as-rolled condition. 
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It is therefore being used where a high ratio 
of strength to weight is of importance, as for 
welded engine beds, underframes, and other 
parts in the construction of streamlined high 
speed passenger cars, light weight railroad equip- 
ment of conventional appearance, diesel engine 
bases, and dredging buckets for deep sea work. 
It has recently been accepted by the A.S.M.E. 
Boiler Code Committee for use in boilers and 
pressure vessels under Code requirements. 

Cromansil steel rivets possess definite advan- 
tages over the usual high strength rivets. They 
are less brittle, are ductile enough to be chipped 
and caulked when cold, and can be driven by a 
skilled crew without observing any unusual pre- 
cautions. They have high shear strength; using 
them the designer can take full advantage of the 
high strength steels in riveted structures. 


Vanadium Steels 


We have come by almost insensible steps in 
the chemistry of steels to those which contain 
rather unusual amounts of the elements silicon 
and manganese, with or without fractional per- 
centages of other alloying elements. Interesting 
developments have taken place by adding vana- 
dium to this same general chemical classification, 
By this means excellent coil springs, locomotive 
forgings, high elastic castings, high strength 
structural plates and shapes, and miscellaneous 
small automotive parts may be made. 

Taking up the last mentioned, it has long 
been known that medium-stressed parts on auto- 
motive chassis and engines have been made either 
with some of the less expensive S.A.E. steels, 
somewhat deficient in general workability, or if 
cost was to be saved, a change was made to the 
plain carbon steels, sometimes high in manga- 
nese and silicon. In such parts as steering arms, 
axle shafts, bolts, brackets, and universal joints, 
the maximum forgeability and machinability has 
been the prime object. Hence the rise of inter 
mediate alloy steels, specifically suited to the 
practical and ‘economical requirements of mass 
production, 

An example is one containing 0.35°) chro- 
mium and 1.25‘, manganese, to which 0.10°; 
vanadium has been added. Carbon may vary 
from 0.25 to 045°) depending upon. strength 
and other requirements. There is enough vana- 
dium present to refine the grain size as rolled 
and prevent grain growth at forging tempera- 
tures. Normalizing not only puts such a steel in 
good condition for machining, but frees it from 
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internal stresses, eliminates warping, and pro- 
duces the maximum of uniformity. As normal- 
ized the physical properties will vary from 70,000 
to 78,000 psi. vield (depending on the carbon 
in the above-quoted range), 92,000 to 115,000 
psi. tensile strength, 30 to 25°) elongation in 2 in., 
67 to 606 reduction of area, and &5 to 40 ft-lb. 
Izod impact. 

Medium manganese steels containing vana- 
dium have been brought to importance in the 
form of castings, forgings, and rolled plates and 
shapes. CC. EK. Sims, only last month in Merar 
Procress, indicated the principles used in cast- 
ing and heat treating such a steel (0.350 carbon, 
Such 
castings easily pass the newly adopted A.S.T.M. 
specification A 148-33 T for Class B alloy steels, 


Grade No. 2, covering high elastic castings. Re- 


1.4, manganese, and 0.10% vanadium). 


quirements specified and those daily achieved, 
as shown by the average results, of about 20 types 
of castings made for the new Union Pacific high 
speed train, are as follows: 


Specification | Average Performance 


0, 0 00p 
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A 
Ultimate strength 90 000ps 91,000 ps: 
n 2in 27% 
) 
duction Of Bree 50% 54.8% 


Izod impacts on this steel are very good, 
Mr. Sims recording values in his article on the 
order of 48 ft-lb. on a casting showing the high 
tensile strength of 101,000 psi. 

A series of 17 driving axles, piston rods, 
and crank pins made of slightly different compo- 
sition (C 0.257, Mn 1.607, Si 0.259, V 0.16%) 
after normalizing and tempering gave the follow- 


ing results: 


Meximum\ Minimum 


held strength 8 250psi 60.000ps: 


lensile strength G3 O000psi 97,000ps/ 
Flongation in Zin 52% 25% 
KMeduction of eres 67.5% 51% 
Brine// hardness 207 174 


lz0d impact (averege of two)| 98.5 ft-lo. | 73.25 ft-lb. 


Penetration of hardness on quenching, and 
general uniformity of physical properties are 
12!.-in. locomotive axle, 


F.. and tem- 


shown by tests on a 
forged, water quenched from 1650 
pered at 1200° F. Brinell hardness at edge was 
222, at center was 197. Tested radially, the duc- 
tility was lowered about one-tenth from the 
longitudinal values. 
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High Strength Structural Steels 


Further reduction of the carbon to 0.1 
brings these low alloy steels in the range of } 
strength Silicon 
called, were introduced in America about 19 


structural steels. steels, 
and have gone into some large bridges and bui 
ings. Medium manganese steels are a later ¢ 
velopment, and have been used for the ma 
compression members on one of the bride 
recently built near New York. High carb 
structural steels have also been used for mari: 
purposes, either in the as-rolled or the norma! 
ized condition. 

Of course, common structural steel can }y 
improved by proper treatment. For instance, 
the true elastic limit of mild structural steel is 
low and variable, but by simply normalizing a 
properly deoxidized steel, this can be brought up 
to an average of 37,500 psi. 

For marine work the last-quoted figure is 
hardly high enough; a proportional limit. o! 
10.000 psi. and ultimate strength of 85,000) psi. 
can be had with a plain steel containing 0.30 
carbon, silicon 
However, either this steel or the medium man 
ganese steel would be deficient in impact strength 


manganese, and 0.25% 


alongside a welded seam, where the grain was 
coarsened and the metal hardened by the heat 


(This matter may be mitigated if the original 
steel had a very fine grain size.) 
The 0.150 carbon steel with 0.10% vana- 


dium, 1.30°, manganese, and 0.20% silicon, has a 
70 ft-lb. Izod impact test as rolled, and retains 
this toughness remarkably after welding due to 
the ability of vanadium as a grain refiner and 
corrector of air-hardening tendencies. The yield 
point ranges from 60,000 to 72,000 psi. and the 
tensile strength from 83,000 to 95,000 psi. in th 
as-rolled condition. Its endurance limit is also 
high, on the order of 55,000 psi., all of which 
makes it most attractive to engineers who ar 
interested in saving weight in structures. 


Copper as a Steel Alloy 


Traditionally copper has been considered °s 
poison for steel. Phosphorus also has had a had 
name, Both are now known to be good when us 
intelligently. 

Up to quite recently, the principal accep! 
use for copper was for resistance to atmosplh« 
corrosion, it having been clearly established | 
about 0.25°° in mild steel, or a similar amo 
plus a little molybdenum (Continued on page 


METAL PROGR 


‘OBER, 1934 


TOOL STEEL PROGRESS 
SINCE 1774 


Wim. Jessop & Sons, Inc.. was 
organized. Almost at once Jessop’s Sheffield Tool Steels became the 
standard of tool steel quality for the entire world... .. In those 160 
years the manufacture of tool steel has progressed from a closely 
guarded secret to something approaching an exact science. ... . Still 
Jessop’s Sheffield Steels are known the world over as the standard 


with which all tool steels are compared! 


That rich experience gained in 160 years of steel making means much 
to today’s users of tool steels. “Experience.” more than any other 
single factor, is responsible for the absolute dependability users find 
in every type of Jessop’s Tool Steel. In heat treating, machinability, 
and cutting properties this unvarying uniformity from bar to bar has 
won for each of the types of Jessop’s steels the highest regard of 
experienced tool makers and tool users in every land. .... If you 
have never enjoyed the satisfaction of using Jessops Sheffield ‘Tool 


Steels. write to our nearest office for details on our complete line. 


WM. JESSOP & SONS, INC. 


121 VARICK STREET, NEW YORK,N. Y. 
BOSTON TORONTO CHICAGO 


163 HIGH ST. 59 FREDERICK ST Monroe & Jeferson Sts 


J UST 160 years ago the firm of 
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in open-hearth iron) is excellent. About 1,000,000 
tons of such sheet and plate are made in normal 
vears. Seamless tubing with up to 1% copper 
makes good oil well casing; in combination with 
perhaps half as much molybdenum it has good 
corrosion resistance combined with strength at 
moderate temperatures, which indicates numer- 
ous applications in the steam power, oil refining, 
and the chemical process industries generally. 
High strength steel castings containing copper 
have also been made for years and installed in 
steam shovels and similar heavy excavating 
equipment. Considerable copper-molybdenum 
steel, with and without chromium, have been 
made into rolled products. 

Researches under way at Battelle Memorial 
Institute, sponsored by Copper & Brass Research 
Association, will doubtless do much to clear up 
the metallurgical facts and dispel superstitions 
regarding this element’s effect on fine steels. It 
has already been shown that steels with 1% cop- 
per can have their yield and tensile improved 
by 20,000 psi. with no decrease in ductility by re- 
heating the air cooled pieces 4 hr. at 900° F. - 
an example of “precipitation hardening.” The 
light “alligator markings” on rolled steels of this 
analysis are prevented by heating in a non- 
scaling atmosphere or by adding 0.25‘. nickel. 

B. D. Saklatwalla of Vanadium Corp. of 
America has studied the effect of copper on the 
corrosion resistance of steels, and finds that 
low carbon steels (0.10% C max.) containing 
about 1% chromium, with OAO% copper and 
0.75) silicon have about twice the resistance to 
atmospheric corrosion as copper-bearing steel. 
Such steels are now beginning to get into 
commercial production and are promoted for 
their strength and corrosion resistance. (Strength 
is due in part to 0.10 to 0.15°° of phosphorus, 
which is permissible with the chromium.) Their 
cost is about double that of carbon structural 
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HIGH SPEED and CARBON TOOL STEELS - 
CERTIFIED PERMANENT MAGNET STEELS— All Grades 


HIGH NICKEL ALLOYS including COMPENSATING METALS and MINIMUM CO- 
EFFICIENT ALLOYS - STAINLESS AND HEAT RESISTING ALLOYS 


We would like to discuss with you your requirement in any of the above 


SHEETS 


steel but the vield strength is also nearly ty 
as high (50,000 to 60,000 psi.). 

Some 50 passenger cars are being construc! 
largely of this copper-chromium-silicon steel | 
the New York, New Haven and Hartford Ra 
road, wherein 25% of the weight is being say: 
Similar results are being achieved on an orde 
new freight cars by the Baltimore & Ohio Rai! 
road. Extensive use of welding is being utilized 
to increase the weight saving to 35°. (146,000 || 
down to 96,000 Ib.) in a lot of 52 day coaches un- 
der construction by the Chicago, Milwaukee & 
St. Paul Railroad. 


DARWIN & MILNER, Inc. 


1258-64 WEST FOURTH STREET 
CLEVELAND, O. 


Pioneers of Modern Quantity Production 


TOOL STEELS 


The First Steel makers to introduce 


High Carbon-High Chromium Steel 


Patentees of 
Patented Air-Hdg. - Non-Deforming 
COBALT - CHROME “’P.R.K. 33” 


Makers of 
HIGH-SPEED, CARBON 


and 
ALLOY TOOL STEELS 
in Bars, Forgings or Cast- 
ings for all purposes. 


“Darwin” The Mark of Quality 
AGENTS: 
M. OPP & CO., 38 Park Row - - - New York City 
Ziv Steel & Wire Co., 2945 W. Harrison St. - - Chicago 


SPECIAL TOOL STEELS 


COLD ROLLED STRIP 


METAL PROGRE 


Lockport. 
N. Y. 


>. BRAEBURN 


\Ch 


STEEL 
CORPORATION 


BRAEBURN, PENNSYLVANIA 


| MESTA ROTARY FLYING SHEAR 
EQUIPPED WITH BRAEBURN BLADES 


'fE BRAEBURN MILL IS ONE OF 
THE PIONEERS IN THE MANU- 
'ACTURE OF FINEST QUALITY 
HIGH SPEED, CARBON AND 


ALLOY TOOL STEELS. ... THROUGH 
MANY YEARS OF EXPERIENCE (COV- 
ERI MORE THAN A THIRD OF A 


| CENTURY) IN THE PRODUCTION OF 
| ONL’ THE HIGHEST QUALITY PRO- 

DU WE ARE ABLE TO MEET THE 
XACTING REQUIREMENTS 
ISCRIMINATING LIST OF 
USI AND ON THIS BASIS WE SO- 
LI OUR TOOL STEEL BUSINESS. 
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YOUR TREATING 
COSTS with this 
SINGLE QUENCH 

CARBURIZING STEEL 


ILLINOIS S-A-E-4615 


F°* bearing races, piston pins, king pin 
bolts, or other applications where a hard, 
durable steel is required, Illinois Steel Company has 
produced a successful alloy which can be treated at 
low cost: S. A. E. 4615. 

A carefully controlled electric furnace practice as- 
sures uniformly fine grain with a high degree of 
cleanliness. Illinois’ S. A. E. 4615 machines readily 
and responds to case carburizing with a minimum 
degree of warpage or distortion. 

Many instances are known where a single quench 
a. is sufficient to provide physical qualities ordinarily 
obtained only with double quench. 

For advice on the application of this steel to your 
own requirements, write today for a consultation 


5 with our metallurgist. 


Mlinnis Steel 


SUBSIDIARY OF UNITED STATES STEEL CORPORATION 
208 S. LASALLE STREET, CHICAGO, ILL. 


STEELS 
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ALLOY TOOL 


CAST TO SHAPE 
FOR EVERY PURPOSE 
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Whatever need you have for alloy tool steels cast 
to shape, you will find among our four specialized 
steels just the right one for your exact purpose. 


Our complete line includes Krokoloy, Martin Steel, 
and Castaloy—all alloy tool steels, cast to shape 
and hardened in still air—and Carbomang, an oil- 
hardened tool steel, cast to shape. Whatever your 
need, one of our steels will meet it. 


These steels will be exhibited at our Booth No. 390 
at the National Metal Congress. 


The men in attendance will be able engineers 
who will be glad to cooperate with you without 
obligation in working out your die designing and 
machine tool problems. Let us supply you with 
copies of our specialized booklets covering the 
application of each of these steels. 


Be sure fo visit our exhibit, Booth No. 390 at the Show 
and our Headquarters at the Pennsylvania Hotel. 


ALLOY STEEL COMPANY 


Central District Sales Manager: William C. 
135 Post Ave., Lyndhurst, New Jersey 707 Berkshire Ave., Pittsburgh, Pennsylvania 
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AT BOOTH 386 =NatIONAL METAL EXPOSITION 


we will exhibit unusual parts made from our various 
grades of Alloy and Special Steels. Our new Data 
Sheet Booklets, which have been so much in de- 
mand, will be obtainable by those desiring them. 


WAREHOUSE OR 
MILL SHIPMENT 
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SPECIAL ANALYSES 
WHELCO TOOL STEELS 
STANDARD S.A.E. STEELS 
ECONOMO ALLOY STEELS 


WHEELOCK, LOVEJOY & COMPANY 


INCORPORATED 
CAMBRIDGE CHICAGO CLEVELAND DETROIT 


16 METAL PROGRE 
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At the 
METAL SHOW 


Bernienem’s EXHIBIT at the National Metal 
Exposition will contain a working model of its electrically 
operated bar heat-treating plant. 

This plant has placed Bethlehem in an exceptionally 
favorable position to meet industry’s increasing demand 
for heat-treated steel. It is the largest in the world devoted 
to the hardening and annealing of mill-length bars, and 
embodies the most recent improvements in heat-treating 
practice, applying on a commercial scale the exact methods 
of the laboratory. The timing of all operations is auto- 
matically controlled. 

The working model at the exhibit shows the bars in 
motion, and reproduces the furnaces in which they are pre- 
heated, then heated for quenching. It shows the automatic 
crane which removes the bars and lowers them into the 
quenching tank, and the furnaces, also electrically oper- 
ated, in which the quenched bars are annealed. 


Visitors to the Exposition and the National Metal Con- 
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gress, at New York, October 1 to 5, are invited to see the 
Bethlehem exhibit. In addition to the working model of 
the heat-treating plant, other interesting features of the 
Bethlehem exhibit will include: 


Bethlehem Heat-Treated Wrought-Steel Car Wheels 

Great strength and high shock-resisting properties result from the 
forging and rolling operations during the manufacture of these wheels. 
They are armored against wear by hard, tough, heat-treated rims. An 
interesting series of new, enlarged transparencies and a display, showing 
wheels at different stages of completion, will describe their manufacture 
and heat-treatment. Wire 

Product of a new and far-reaching development in zinc-coating, this 
wire is remarkably free from the limitations of older galvanizing meth- 
ods. The coating is tighter, far more ductile, and can be applied in 
heavier weights than were ever before possible. 

Bethlehem Alloy Studs and Bolts 

Specialty products for high temperatures, high pressures and corrosion 
resistance. Also, heat-treated and oil-quenched nuts; and the hot-forged 
nut, made by BethIlchem’s exclusive process. 

Bethadur and Bethalon 


Corrosion-resisting steels covering a wide range of applications. 


BETHLEHEM STEEL 


BETHLEHEM STEEL COMPANY, General Offices: BETHLEHEM, PA. 
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W.H. PHILLIPS EMIL GATHMANN 
PRESIDENT TREASURER 
B.F. SHEPHERD B. COLEMAN 
VICE-PRESIDENT PAST PRESIDENT 
R. S. ARCHER H. G. KESHIAN 3 
E. BAIN  W.P. WOODSIDE 
and especially to: 
W. H. EISENMAN 
for planning the best convention and ex- 
position of all time. 


TOOL STEEL COMPANY 


500 STREET, CHICAGO HEIGHTS, ILLINOIS 
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Call for Service 


... and another production problem solved! 


NOTHER BREAKDOWN! Another shut- 
\ down! Production tied up all along 
the line until the key part which failed 
could be replaced. 

Then the chief engineer remembered 
the good reports he had heard about 
alloys containing nickel. Decided to let 


International Nickel’s technical staff 


diagnose the case. 


The Nickel Company cooperated. 
Here was their recommended compo- 


sition, based on the exhaustive tests of 


their Research Laboratories. Here was 
the service data. Moreover, the alloy 
recommended was readily procurable 
from a nearby souree—and the Nickel 
Company would cooperate in the treat- 


ment and fabrication. 
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So the problem was solved — a dif- 
ferent metal was substituted for the 
composition which had failed, and sim- 
ilar breakdowns were eliminated. 


Every day, International Nickel’s tech- 
nical service is confronted with dozens 
of similar problems— problems relat- 
ing to strength, toughness, wear, cor- 
rosion and heat effects—and is called 
into consultation by machinery manu- 
facturers and machinery operators in 
all of the principal industries, 


ALLOYS 


CONTAINING N | C K 


The accumulated results of years of 
experiments carried on in our Research 
Laboratories with alloys of nickel — 
wrought and cast steels, cast iron, 
bronzes, corrosion and heat-resistant! 
alloys—and the wide experience of a 
technical sales organization operaving 
in all industrial countries of the wor! 
are constantly made available to ind 
try, without obligation. 

THE INTERNATIONAL NICKE! 

COMPANY, INC. 


Miners, refiners and rollers of Nickel. 


Sole producers of Monet Metal. 
67 WALL STREET NEW YORK, 
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BOOTH 335 


National Metal Exposition 
New York City 


Oct. 1st to Sth 


Metallurgists of the Vanadium 
Corporation of America will be 
im attendance to answer your 
questions concerning Vanadium 
Spring Steels and to give you 
some interesting data on Nor- 
malloy Forgings and Manga- 
nese -Vanadium Castings, Forg- 
ings, Plates and Shapes. 


SPRING STEEL- 


SERVICE 


Of the many steels that have been tried in spring service, only a few 


have survived and of these, no other steels approach the proved 


records of Chrome-Vanadium Steel in leaf spring 
service and Silicon-Vanadium in heavy coil spring 
applications. 

VANADIUM CORPORATION OF AMERICA 
120 BROADWAY NEW YORK, N. Y. 
CHICAGO Bridgeville Pa. DETROIT 


Plants at Bridgeville, Pa., and Niagara Falls, N. Y. 
Research and Development Laboratories at Bridgeville, Pennsylvania 


for strength, toughness and durability 
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FERRO-ALLOYS 


of vanadium, silicon, 
chromium, titanium, 
and silico-manga- 
nese, produced by the 
Vanadium Corpora- 
tion imeria, are 
used y steel makers 
in the production of 
high-quality steels. 
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Come to the Republic Exhibit this 
year expecting to see something 
different, and you will not be dis- 
appointed. A visit will prove a lib- 
eral education and an inspiration. 

Here you will find tangible 
evidence showing what other 
steel users have done by taking 
advantage of the progress made 
during the last year by the world’s 
largest producer of alloy steels. 
Here you will find new alloys 
developed to meet new needs— 
stainless steels applied to combat 
heat and corrosion as encountered 
in almost every industry. 

Metallurgists who really know 
steels will be on hand to answer 
your questions—to help you with 
your steel problems—and to offer 
suggestions. 


Meet your friends in Republj 


Exhibit where you can soi! 
waiting time to good advafiiiii 
You are always welcome 


— 
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TAINLESS STEELS. 


@ Arn increasing demand during the depress- 
ion period . . . 18-8 gradually lowered in carbon 
content to stabilize against high temperature. . . . : a 
Paper and dye industry finding use for a high | 


molybdenum variety . . . Cold rolled 18-8 strip | ; 


formed into structural members for high speed 
train bodies . . . Plain chromium steel strip in r 
tonnage for automobile trim . . . Utility demands 


in various industries more important than luxury Stee 


demands of stainless steel for show purposes @ ; 
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TAINLESS steel combines beauty, strength 
and durability. Its brilliant lustrous finish 
will not rust, tarnish nor stain. It is uneffected 
by weather and many corrosive chemicals. 
No covering of paint or lacquer, no plated 
coating is necessary to preserve us distinctive 
gleam. Its composition is uniform throughout. 
It is easily fabricated, strong and wear-resist- 
ant, radiant and corrosion-resistant. Its unique 
combination of strength and durability makes 


possible lightweight, economical construction. 


Electromet 
Ferro-Alloys Metals 


Take advantage of these qualities by ap- 
plying stainless steel to your product. And 
take advantage of practical, unbiased infor- 
mation on the uses of stainless steel by call- 


ing on Electromet engineers. 


TALLURGICAL COMPANY 


Carbon Corporation 


ME 
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SARBON B LDING 


CARBIDE ond SUILDI! 
Bee 430 EAST 42nd STREET © NEW YORK, N. Y. 
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A RAPID VIEW OF ... 


THE STAINLESS STEELS 


UCH that has been said regarding heat 
and corrosion resisting castings in that section of 
this magazine starting on page 51 has corres- 
ponding inferences in the rolled and wrought 
stainless steels. Practically all of the analyses 
commonly used as castings are malleable when 
hot (or can be made so by minor changes in 
chemical composition) and consequently are 
available on demand in the form of plates, bars 
and shapes, and even sometimes as thin sheets. 

A few new high chromium alloys have ap- 
peared beyond the main classifications listed in 
The Book of Stainless Steels. Perhaps the most 
interesting is an American adaptation of an al- 
loy commonly used abroad, in the form of a high 
chromium iron containing a little nickel. We, in 
the United States, are very familiar with the low 
carbon 16 to 18% chromium steel which has given 
such satisfactory service in nitric acid plants. 
These steels are of ferritic microstructure — that 
is, the carbon is so low that nearly all of it is 
soluble in the ferrite, and hence there is no trans- 
formation into austenite at high temperature, and 
the metal cannot be hardened usefully on quench- 
ing. Some trouble has been had with this alloy 
from brittleness; close control of operations in 
the steel mill is necessary to prevent the cause, 
namely, grain growth of the ferrite microcrystals. 

Addition of 8% nickel to such a ferritic alloy 
brings us to the well-known 18-8 variety which 
‘so is non-hardenable, but for the entirely dif- 
rent reason that the microstructure is now a 
ible austenite which does not transform dur- 

the usual heat treatments. An intermediate 
iount of nickel produces intermediate micro- 
uctures in which the austenite forming at high 
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temperature will transform into martensite on 
cooling. Hence this alloy is hardenable. 

The development of the 16% chromium, 1° 
nickel steel provides the aircraft designer with a 
material which, though not quite as corrosion re- 
sistant as the more expensive 18-8 variety, can 
be readily machined or otherwise fabricated and 
then heat treated. When properly hardened and 
tempered, this 16-1 steel has a proportional limit 
of over 100,000 psi., and an ultimate strength of 
at least 190,000 psi., with not less than 6°% elonga- 
tion in strips 0.015 in. thick or more. Izod impact 
tests reveal a toughness not noticeably lowered 
when subjected to temperatures as low as —40 
F. Comparative figures for austenitic steels like 
18-8 show that they also retain their toughness, 
even to liquid air temperatures, but would re- 
quire very severe cold work to produce an ulti- 
mate strength equal to that above quoted. Like- 
wise the straight 18% chromium, low carbon al- 
loy has little ductility when hardened by cold 
work to ultimate strengths of about 110,000 psi. 

The two alloys, 18% chromium and 18% 
chromium, 8% nickel, continue to be the ones 
rolled in largest tonnage. As to 18-8, this most 
useful alloy has been made quite machinable by 
the addition of sulphur or selenium. It is also 
becoming more “stabilized” in the market by a 
better understanding of what takes place when 
heated metal is subjected to strong corrodents, 
knowledge that such circumstances are not at all 
universal and further by information on how to 
avoid trouble by selecting a properly fabricated 
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Stainless Steel for Architectural Trim, Either 
Outside or Inside, Has Unique Merits 


alloy. There is. still disagreement among 
various schools of metallurgists. in- 
sist that the best way to stabilize 18-8 aus- 
tenite is to keep the carbon very low, Others 
believe that a definite program involving heat 
treatment, cold work, and alloying with tita- 
nium is quite as practicable. Still others point 
out the advantages of titanium or columbium 
as an element for stabilizing 18-8’s containing 
medium low carbon. 

As an example of the severe service now 
undertaken may be cited welded collector 
rings and exhaust manifolds for aircraft en- 
vines made of 18-8 steel sheet containing 0.08 
max. carbon and stabilized with titanium. Hot 
gases carrying corrosive lead compounds heat 
these engine parts to at least 15000 F. without 
damage along the welds (“weld decay”). A 
curious fact about this particular job is that 
the sheet from which the parts were made 
did not stand the 100-hr. salt spray test or the 
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boiling nitric acid test, both of which are freques \y 
specified as acceptance tests for corrosion and }). | 
resistance. 

Data on specific installations in the various 
dustries bring forth a continually growing mass «| 
information on the performance of the different 4|- 
loys in specific applications, but no general agr 
ment can be reported as to the comparative value o 


18-8 and 19-9 (say) for welding, deep drawing, and 
other fabricating operations, stability of the austen- 
ite, and tensile and fatigue properties. However, 
much so-called 18-8 is now made with combined 
chromium and nickel over 28, rather than 26°, ; the 
higher alloy is more stable under severe corrosion at 
atmospheric temperatures. 

In installations in paper mills, as tubing, linings, 
digestors, receivers, and the circulating systems han- 
dling sulphite liquors, some very satisfactory service 
has been given by 18-8 sheet and plate containing 3 
molybdenum. Users report that this alloy has smal! 
tendency to deep pitting; for some reason concentra- 
tion cells existing under small particles of attached 
foreign matter do not form and eat into the metal 
by “contact corrosion.” The chemical industry has 
also taken considerable tonnages of this same alloy 
for uses best known to itself. 

The high molybdenum alloy (higher than for- 
merly recommended) is also excellent for dye vats 
handling woolen textiles. Many of these dyes con- 
tain up to 1. of organic acids, like acetic and formic, 
and are heated to about 175° F., where they attack 
nearly all metals sufliciently to spoil the color. 

This alloy has received a great deal of attention 
by the manufacturers because of difficulties in han- 
dling. It is necessary to watch the analysis very 
closely, as well as the melting conditions, mold siz 
and shape, heating for forging or rolling, and th: 
drafting in blooming mill or forging press. 

Those steel mills which have established them- 
selves in the stainless industry have generally im- 
proved their equipment and methods for the mor 
economical production of material rigidly inspected 
for shape, size, and surface condition. 


Acceptance standards are being constant! 


raised, thus continuing to present new handling pro! 


lems to the manufacturer, which means a contin 


change in methods. Therefore, these products \ 


receive a great deal of attention by the steel mak 
This means the development of special equipm: 
and of especially skilled crews devoted solely to Uy 
production of these alloys. Plates of ,{, in. or ! 
thick and up are available in any size nearly up |0 
the limits for alloy steel; angles or structural shajs 
capable of being rolled on an 18-in. mill are also 
the market. Special bar sections, either hot rol! 
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cold drawn, are available in almost unlimited 
riety. Welded pipe and tubing of low carbon 
8, with or without molybdenum or “stabiliza- 
n.” has recently appeared on the market, in 
mpetition with the seamless variety available 
r the last 8 or 10 vears. 
Two varieties of stainless-clad sheet and 
ate are being vigorously promoted with a view 
f entering uses where the cost of solid metal has 
far been a handicap. Logically, it would seem 
hat continuous coating of really resistant metal 
0.02 to 0.03 in. thick would be all that is neces- 
sary to protect a base metal tank, say, from the 
contents and vice versa. Composite sheets have 
been successfully made by heating slabs of stain- 
less and mild steel with a ductile intermediate 
laver of pure iron in a reducing atmosphere, 
welding them in a heavy press, and then proceed- 
ng to roll them out as desired. Another method 
starts with a composite faggot of carbon and 
stainless steel slabs, edge welded to exclude oxi- 
dizing gases during heating and rolling. 
Fabrication is done by butt-welded joints, 
welding through from the rear with steel weld- 
ing rod, then cutting out a V on the stainless side 
and filling this with appropriate welding rod. 


Outlets Into Consumption 


After a decade or so of intensive develop- 
ment of the chromium-nickel steels, therefore, 
the situation has now resolved itself into one 
where most of the new things talked about are 
changes in the old consuming markets and en- 
frances into new ones. 

Producers of the stainless alloys, like those 


of the bright non-ferrous alloys, find that whereas 
before 1929 the so-called “luxury” demand ap- 
peared to be the most important, during the de- 
pression vears the “utility” demand is keeping 
the market alive. For instance, a lot used to be 
said about decorative uses in architecture and 
for interior trim; this market is now dormant, 
but such a seemingly minor item as a burner for 
range oil has absorbed an astonishing tonnage 
of high chromium sheet. Naval vessels use much 
stainless for such things as masts, ventilat- 
ors, deck houses, water-tight hatches, doors and 
cables, where a minimum of weight, resistance to 
corrosion, and non-magnetism is desirable. 

High speed rail transportation is common 
talk among engineers in this year of 1934, 
and it is pleasant to record that no less a per- 
sonage than Ralph Budd, president of the Bur- 
lington Lines, says that the “experiment” with 
high speed passenger traflic is not a mechanical 
experiment but solely an experiment with the 
traveling habits of the American people, for the 
Burlington Zephyr (a stainless steel train) has 
traveled 15,000 miles with but three unimportant 
mechanical troubles, once hitting a truck at 40 
miles per hr. without serious damage to the train. 
He goes on to say what every metallurgist knows, 
that such a train could not have been built with- 
out advanced metallurgy as typified by 18-8 sheet, 
shot welding, cromansil welded frames, roller 
bearings, a light weight 2-cvcle diesel engme and 
crumpled aluminum insulation, 

A recently delivered 5-car articulated train 
for the New York Rapid Transit Corp. indicates 
another outlet for light weight cars — designed 
to speed up local service and increase its capacity 

without reinforcing the 50- 


vear old elevated struc- 


tures. By using built-up 
sections of cold worked 
stainless steel strip, the 
weight has been reduced 
to SO tons, less than half 
that of a conventional 


Joining Structural Members 
of Stainless Steel in Frame 
of Elevated Cars by a Type 
of Spot Welding Where the 
Time is Limited so That the 
External Surfaces Are Not 
Heated Above Temperature 
for Carbide Precipitation 
(‘Courtesy Edward G. Budd 
Manufacturing Company 
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train of equal passenger capacity. The strip is 
cold rolled to high strength (values are around 
150,000 psi.) and there is still sufficient ductility 
for forming operations. 


Automotive Uses 


In 1930 the stainless steel industry got a great 
boost when the Ford Motor Co. used it for radi- 
ator shells, lamps, and hub caps. In 1931 the 
most important parts in that car of stainless steel 
were lamps. Since then the use has shrunk to 
beads around radiator grilles and various mold- 
ings and trim, but the hub caps have grown a 
vreat deal and now comprise the major use. 

A survey made during the summer by Mera 
Procress of the entire automotive industry shows 
similar trends. Chromium plating technique has 
progressed so rapidly that many bright parts can 
now be plated over brass to the industry’s stand- 
ards of perfection and durability. (Whether 
these standards are high enough, in view of the 
generous use of salt on wintry roads, is another 
question!) Consequently the large use which 
still exists for stainless strip for beading and 
molding indicates an over-all fabricating econ- 
omy by using the more costly metal. Stainless 
strip can be furnished in any gage and width, and 
with surface conditions which polish very quickly 
in the customer’s plant. 

Any factor of comparative durability of one 
bright metal surface over another is now given 
second place to the designer’s wish to decorate 
the body according to current styles. The trend 
in 1934 bodies was definitely away from large 
surfaces of bright metal, for which stainless steel 
sheet is unapproachable. Beads, trim, moldings, 
and window runs and other door hardware re- 
main as the quantity use —even as little as a 
couple of pounds per car mounts into daily ton- 
nage in the American industry. Stainless metal 
beads offer a very convenient and successful 
method of accent and relief; fine lines of mirror- 
bright metal are always in the best of taste 
against almost any body color. 

As an indication of the economy urge, hub 
caps, which now constitute the largest area of 
bright work on most cars, are frequently made of 
very thin stainless sheet, embossed and lacquered 
with the insignia and then curled over the edges 
of a thicker mild steel backing. 

Practice differs in the use of stainless for 
such corrosion resisting parts as pump shafts; 
many makers believe that nitrided or hardened 
alloy steels will give adequate service. Some 
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minor uses for exposed bolts, pins, and nuts 7 
tinue, as well as for shutter and heat con: | 
valves and parts about the fuel system. 

An important outlet for stainless steel s}\. 0+ 
is into the various food processing and vending 
industries. Milk and milk products, preseryers. 
cookers, dryers and refrigerating equipment, as 
well as the brewing industry, find places where 
the material more than earns its way. Corrosion 
resisting properties of this group of steels have 
caused it to be used to a considerable extent in 
newly opened breweries, and for the inner shel] 
of beer barrels. Coca-cola barrels are now also 
being made in production quantities from 18-8 
with 0.07° max. carbon. 

Hotel and institution kitchens, diner and 
ships’ galleys, cafeterias, soda fountains and 
liquor bars utilize it because it is unstained or 
unattacked by all sorts of food stuffs and bey- 
erages. Outdoor sign frames and such minor 
decorative construction, which will remain at- 
tractive though neglected by cleaners, is an inter- 
esting possibility just beginning to be realized. 

To these uses, where brilliant appearance, 
retained at temperature up to boiling water, must 
be added those more utilitarian uses in the chem- 
ical and process industries where resistance to 
attack at higher temperatures is more important 
than an unsullied polish. For instance, a large 
installation of 12 to 14% chromium steel (the 
turbine blade analysis) is contemplated as seam- 
less tubes for high pressure steam boilers. Chro- 
mium steel tubes containing over 20° chromium 
have been installed in waste heat recuperators, 
as soot blowers and in power plants as high tem- 
perature superheaters. 

In a recent address, Dr. F. M. Becket also 
called attention to a new use for steels containing 
25° chromium and 15% nickel, in the form of 
singe rolls for cotton cloth which operate at 1400 
to 1700° F. and burn lint from the cloth’s surface. 

The oil industry has a very large amount of 
money invested in the chromium alloys of «he 
“stainless” varieties. Steels with nickel and 
chromium, each of 20% and more, have given 
excellent service in the hydrogenation of oils un- 
der high pressures and at elevated temperatures 
The widespread interest in the hydrogenation of 
petroleum warrants mention that operating prac- 
tice has recently reached a pressure of 3600 psi. 
and temperatures between 750 and 1100° F. It's 
safe to say that commercial operation under s' 
severe conditions is dependent on steels hay''¢ 
great strength at elevated temperatures and ©" 
adequate resistance to flame oxidation. 


METAL PROGR: 


| 
4 
‘ 
| 


dried cream of tarter to ordinary metal. Here truly is an excellent — 
example of the ideal adaptability of corrosion-resisting Allegheny — 
Soothers Were Company 


STEEL COMPANY 


JOS. T. RYERSON & SON, INC. WAREHOUSES . 
Cheage, Lov, Cncinah, Osi, Cleveland Bll, Beton, 
ond . Dunham, Carrigan & Hayden Co., San Francisco; 
Union Hardware’ & Metal Co. Los Angeles 


ALLEGHENY PRODUCTS: SHEETS FOR AUTOMOBILE BODIES, METALLIC FURNITURE, 


DEEP DRAWING, ALLEGHENY METAL, ALLEGHENY ALLOYS, ELECTRICAL SHeTS.” 
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ABOVE - 
IN CIRCLE 


Insure customer satisfaction at cery low cost! These valve parts for domestic refrigerators 
will keep on gauging the flow of refrigerant for years and years. They're dependable 
because the y re made of Stainless Steel. 


Machining costs, rejects, tool replacements - all were low because these parts were 
made of Free-Machining Carpenter Stainless Steel, 


PARTS SHOWN ACTUAL SIZE 


ENLARGED OVER THREE TIMES 
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Every one of these tiny refrigerator 
valve parts receives its final OK under 
the microscope for perfection of finish 
and the size tolerance ts kept to 


split thousandths. 


0 LITTLE Stainless is needed for each piece 
here that the cost of material is slight. The 
questions, however, are these-— Although stainless 
steel is needed because of severe corrosion conditions, 
what stainless will do the job with the lowest machin- 
ing cost? What stainless will give the least number of 
rejects? What stainless will require the least retooling? 
What stainless will grind to such fine tolerances with 
greatest ease? 

Carpenter Stainless Steel was selected for this job 
long ago because it satisfied these counts better than 
any other. 

When these factors come up in your work with 
stainless, call the Carpenter Representative. His 
wealth of experience embraces dozens of similar cases. 


He'll be glad to place his knowledge at your disposal 
to save you time, money, and trouble. 


Carpenter invented Free- Machining Stainless Steels 

and, having sold large tonnage of it for a longer 
period of years, Carpenter is in a position to know 
more about what difficult jobs can be done with it. 

To help you in your application of Stainless, 
Carpenter offers a handy, pocket-size slide chart to 
give you at a glance a summary of technical data on 
all its Stainless Steels. It contains a mass of facts, 
physical properties, working properties, heat treat 
ments, etc. Mail the coupon immediately and get 
one for your desk. 
THE CARPENTER STEEL COMPANY * Reading, Pa 


li ensee of American Stainless Steel ¢ 0., and of 


Chemical Foundation, Ine 


MAIL THIS COUPON 


Good only in U.S.A. 
The Carpenter Steel Co., 
133 W. Bern St., Reading, Pa. 
Please mail me immediately your pocket-size 
slide chart giving all the properties of Stain- 
less Steel. 
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STATE 


an 


i = 
4 
de 
‘ 
3 == + | 
{- 
-- - 
— 


30 


TO MACHINE STAINLESS STEELS MOST ECONOMICALLY 


RIGHT CUTTING OIL 


With practically all manufacturers of stainless and other alloy t 
steels united in their recommendation of this unique cutting I 


oil, fabricators can logically profit by this valuable endorse- metal working centers. 
ment. Introduce STUART'S “THRED-KUT™ at your plant 
and note how quickly such “troubles” as rough finish, tool 
complaints and stock “irregularities” disappear. ... . . Order 


GENUINE “THRED-KUT'"’ 


ESTABLISHE 


SPACE No. 399— National Metal Exposition. 


AMERICA’S GREATEST 
ALLOY STEEL 
CUTTING OIL 


rial drum today on basis 100°) satisfaction or LOO) credit 
sranch offices, warehouses or distributors located at principal 


Step in and get acquainted. 


GENERAL OFFICES 
2727-2753 SOUTH TROY ST 
e CHICAGO, U.S.A. 
D 1865 


“Protection Supreme for Steel 


from 
diluted a 2 0, 


@ In many pickling rooms, exposed steel 
including structural, air ducts and ven- 
tilating systems are protected from the 
corrosive vapors with NO-OX-ID. Be- 
cause it greatly outlasts coating materials 
which harden and crack, NO-OX-ID is 
considered by its many users the most 
effective protection obtainable. Com- 
bines a perfect mechanical coating with 
chemical inhibition against rust. Appli- 
cation is inexpensive and cost very 
reasonable. . . . Recommendations and 
estimates submitted gladly. e 


Product of 


DEARBORN CHEMICAL 
COMPANY 


310 South Michigan Ave. 205 East 42nd Street 
( thicago New Y ork 


2454 Dundas Street, West, Toronto 


OFFICES IN PRINCIPAL CITIES OF THE WORLD 


Reference to back issues 
of Metal Progress will 
reveal many of the dis- 
tinguished responsi - 
bilities reposed in 


NO -OX-ID. 
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HEET, STRIP and COLD DRAWN 
STEELS CARBON STEELS 


@ Any review of progress in carbon steels in 
post-depression years must pay attention to three 
noteworthy developments —first, the produc- 
tion of steels with controlled grain size, either 
carbon carburizing grades, medium hard 
ichinery grades, or high carbon tool materials; 
econd, improvements in hot rolled and cold 
rawn rods for screw stock and cold heading; 


nd third, better strip and deep drawing sheet 


eels... . 
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Users of Carnegie Controlled Steels can be as 
certain of uniformity in all quality factors, in- 
cluding grain size, as astronomers are positive 
of the paths of the stars. Accurate control, long 
sought in the manufacture of carbon steels, is now 


an accomplished fact...a standard procedure 
with Carnegie. Our metallurgists will be glad SEE OUR EXIBIT at the 
National Metal Exposition 
to discuss this important development with you. Oct. 1-5 » New York City 
Product of CARNEGIE STEEL COMPANY © Subsidiary of United States Steel ¢ orporation « PITTSBURGH, PA 
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T IS superfluous to dwell upon the work 
leading up to the present interest in grain size 
of carbon steels. Members of the American So- 
ciety for Metals have been prominently identified 
with it, and the Society’s publications have car- 
ried the majority of the informative articles on 
the subject. If this point need be proven, proof 
can be had from the authorities cited in the 
brochure recently issued by one of the largest 
steel companies concerning its steels of con- 
trolled grain size, wherein 11 of them were in 
Mera Progress, 13 were in Transactions, and 14 
in all other publications combined. 

So it is unnecessary to dwell long upon the 
subject of grain size before an audience such as 
the readers of this article. Manufacturers of 
machine parts had only to segregate heats of steel 
from their receipt through all forging, heat treat- 
ing, and machining operations, to find that there 
were pronounced differences in costs of produc- 
lion and properties of finished pieces which 
could not be accounted for by differences in the 
routine chemical analysis. Grain size, as deter- 
mined by the MeQuaid-Ehn carburizing test, 
seemed to be one important controlling factor, 
and this has been put into the purchase specifi- 
cations and accepted by most steel makers. 

Even those who are still doubtful whether 
this includes all the elusive characteristics of a 
quality product must admit that grain size con- 
trol represents a distinct improvement in plant 
inetallurgy. Research men may eventually dis- 
over the correlation between machinability, 
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CARBON STEELS 


FOR BARS, RODS, 


SHEET AND STRIP 


forgeability, hardenability, or toughness, but so 
far the known relationships are empirical and 
have been found by trial and error. In general, 
the fine-grained steels are distinctly tougher (as 
might be expected) and perform better in’ the 
forge shop. Coarse-grained steels are more ma 
chinable and harden more deeply. 

Production of steels of controlled grain size, 
in either electric or open-hearth furnaces, has 
caused intent study of melting and casting prac 
tice. (In passing, it may be remarked that it was 
quite a task to fix the source of variations in 
grain size definitely in the steel making plant 
rather than in the heat treating department.) 
Success involves accurate metallurgical control 
in all phases of the process, better trained work- 
men, more attention to the slag characteristics, 
rapid methods of analysis of both steel and slag, 
accurate observation and recording of all ordi- 
nary operations as well as unusual happenings. 
“Metallurgical observers” in the tonnage steel 
plant and rolling mill date back at least seven 
vears, and in this time a body of experience has 
been acquired which enables the producer to re- 
produce successful results fairly well. 

While steel makers have so far been reticent 
as to the exact methods in use, it is usually as- 
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sumed that fine grain in steel is due to the pres- 
ence of a cloud of non-metallic particles which 
act as nuclei of crystallization, and that one way 
to get the effect is to tap the heat when it still has 
a small amount of iron oxide in solution, and de- 
oxidize in the ladle with aluminum. 

This is still a fertile field for investigation, 
because occasional heats do not turn out as ex- 
pected, either producing a fine or mixed coarse 
and fine grain when coarse grain is desired, and 
vice versa, and there are sometimes variations 
ingot to ingot. In the carbon steels grain size is 
of especial importance to the medium-high car- 
bon ranges, say from 0.30 to 0.60°7. Fine-grained 
steels in this range can be heat treated to proper- 
ties and toughness so good that they are en- 
croaching on the field formerly occupied by alloy 
It is probable that when the effect of 
manganese and silicon is more carefully studied, 
all-around excellence of carbon 
Hardenability 


steels. 


this general 
steels will be further increased. 
becomes an important property in these steels, 
and tests for this property as well as forgeability 
are being made to appraise the heat during 
manufacture and before shipment. 


More Accurate Rods 


Other elements of mill practice have also 
had attention. With the adoption of helical 
springs for front end wheel suspensions on auto- 
mobiles came a demand for steel rounds in large 
tonnages free from surface scratches and of close 
tolerance as to size. This at first required cold 
drawn bars, or rods which had been through a 
surface grinder. Now it can be done by hot 
rolling the rod in accurate, closely adjusted mills, 
from a descaled bar finished at the correct tem- 
perature, Tolerances accepted have been as low 
as 0.001 in. and approach the limits set for 
cold drawing. 

Where the cold drawing industry will always 
have the advantage is in producing relatively 
small lots of special shapes by drawing through 
dies, much more cheaply prepared than special 
rolls. Trend in the cold drawing industry is also 
to draw to definite physical properties (and to 
heat treat the entire order if necessary) so that 
the material will suit the customer’s needs and 
be quite machinable even when possessing ten- 
siles as high as 125,000 psi. Magnetic inspection 
of an entire shipment to assure freedom from 
surface defects is also available at several mills. 

It should not be supposed that the harder 
grades of carbon steel have been monopolizing 
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attention, for as much, if not more, has been do) 
on the softer varieties, either rolled and co 
drawn for heading and screw machine work, 
in the form of sheets. Important changes | 
plant practice and new equipment have revol) 
tionized both the cold drawing and the sheet i: 
dustry since the war. Even the somewhat dis 
credited bessemer process has been _ intent! 
studied, with the result that its product has bee: 
improved and definitely shown to have a marked 
individuality suiting it for definite engineering 
purposes. 

H. W. Graham has told this story before sey 
eral chapters of the American Society for Metals 
in a discussion of machinability of screw stock, a 
15-year investigation which had negative results 
as far as developing a test for machinability, but 
one which shed much light on the metallurgy of 
the steel manufacturing processes. The ideal 
steel for machinability is one which is soft and 
brittle, and yet does not work harden during 
rapid shearing under compressive loads (that is 
to say, cutting). High sulphur bessemer steel is 
soft and brittle, but does work harden, and to 
wide degrees, heat to heat. 

For instance, if the work hardenability is 
measured by change in impact and hardness 
after 6° reduction by cold drawing, one heal 
(rather insensitive to work hardening) might lose 
one-third its toughness and gain 25 points in 
Brinell hardness. An average heat might loss 
half its impact value and gain 35 points in hard- 
ness, whereas in an unusually sensitive heat the 
toughness might fall to 5° its original value and 
the hardness increase 60 Brinell numbers. Thes« 
“sensitive” heats also are the ones which age 
harden. 

While the cause of this variation in sensi 
tivity is unknown, it seems to date back to the 
raw material; one guess is that it is related to 
colloidal compounds of oxygen and_ nitrogen 
While coarse grain will enhance the machin 
ability, it is not the whole story. At any rate 
the characteristics of bessemer steels can now | 
determined before final rolling, drawing, and 
shipment, and the customer can be assured 0! 
metal selected to meet his particular requir 
ments and not produced by happy-go-luck) 
methods. Machinability, as measured by tool lif 
in a screw machine, has improved materiall) 
even as much as 100% in extreme cases — b) 
close control of steel making operations, withou' 
changing the chemical composition. (Extra ma 
chinability has also been provided by a highe! 
sulphur steel containing more inclusions, withou! 
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areful Studies of the 
roperties of Bessemer 
‘eel Indicate That the Ma- 
rial and Process Have 
nexpected Potentialities 
Photo by John Goski) 


t is said, harming the 
tensile, torsion, and trans- 
verse impact values.) 
Before the subject of 
bessemer steel is passed, 
some mention of phos- 
phorus in steel should be 
made —that element 
which really is respon- 
sible for the decadence 
of the bessemer process 
in America. Everyone 
has heard the statement 
that phosphorus is a bad 
embrittler; however, one 
of the recently promoted 
high strength structural 
steels has 0.10 to 0.20%, 
of phosphorus put into 
it. Furthermore, the 
bessemer process itself 
may have some intrinsic 
merit, for a_ statistical 
study of the basic con- 
verter vs. basic open- 
hearth steels shows that 
when tensile strength is 
equal, the ductility of 
the converter product is 
measurably better. 


Requirements of 

steel for cold heading 
have also been carefully studied by both steel 
producer and consumer. As shown in Mr. Gra- 
ham’s article in Merat ProGress for August, 1933, 
this is usually made of rimming open-hearth 
steel, and therefore entirely different in origin 
from the above. The ingot has a surface of purer 
metal than the cores, and therefore produces wire 

having a softer and more plastic surface. 

Up to a few years ago, bolt makers specified 
‘ow carbon steels (0.06 to 0.12%) but more re- 
ntly it has been found that higher carbon steels 
in also be used without undue wear on the dies 
during its manufacture, the rod is heated 
ove the critical for grain growth. The proper 
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coating, of grease, soap, rust and lime (“sull- 
coat”) and even glossy lacquers, are of impor- 
tance in this connection. 

The work done on the rod by the cold head- 
ing machine causes a certain amount of harden- 
ing and embrittling, and brings in considerations 
similar to those briefly mentioned above as to 
“sensitivity” of the steel. Some measure of con- 
trol can now be exercised over the embrittlement, 
but as vet nothing much can be done about the 
associated hardening. 

In those operations where cold headed ar- 
ticles must be machined (as the cutting of threads 
on bolts) two sets of opposing requirements are 


35 


4 
— 
= 
— 
| 


met. For best cold heading the steel must be soft 
and plastic; for best machining, soft and brittle. 
Pity the poor metallurgist! 


Sheet and Strip 


Development of continuous sheet mills has 
been the outstanding mechanical achievement of 
the steel industry since the War. Strip mills have 
also been widened and made more accurate until 
there is only an arbitrary demarcation between 
sheet and strip as far as width is concerned. 
Rapid production and unusual properties have 
come about in strip practice by mills which com- 
bine tension and rolling to a degree that approxi- 
mates drawing through an adjustable rolling die. 

Consumers were primarily interested in the 
cold drawing properties of these thin metals — a 
property as elusive as hardenability and machin- 
ability. However, the steel mills have been able 
by various means to furnish sheets of unblem- 
ished surface, properly normalized, which will 
stand more and deeper work in stamping and 
drawing. As this became an undoubted achieve- 
ment, purchasers asked for and have been get- 
ting bigger and better sheets until an automobile 
body from a single one does not seem beyond the 
future possibilities. 

Drawing quality, as it may be modified by 
the manufacture of low carbon steels, was clear- 
lv discussed by Thomas Dockray before the 1931 
convention in Boston, Up to ten vears ago the 
best idea of a sheet’s performance, short of actual 
trial in a given die, was derived from a study of 
the percentage elongation in a tension test piece 
cut from the sheet in directions both parallel and 
transverse to the direction of rolling. At that time 
steel metallurgists depended on Rockwell hard- 
ness test, chemical composition, and flat bend to 
judge the excellence of the product. 

This whole matter has been seriously compli- 
eated by the habit which some mild steels have 
of changing in hardness and ductility between 
the time they are tested and approved for ship- 
ment, and when they actually arrive at the form- 


ing press. This “aging” phenomenon is thought 
to be some form of precipitation hardening, and 
is variously ascribed to carbon, iron oxide, nitro- 
gen, and oxygen, originally in solution in ductile 
ferrite, but slowly precipitating out with time (or 
rapidly as the sheet is cold worked) thus harden- 
ing and embrittling the metal. The situation is 
complicated by the fact that not all steels are 
equally at fault in this respect, while others 
which seemed rather hard by Rockwell hardness 
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and tension tests gave no trouble in the < 


Acting on the general assumption that m ‘4 
steel is most plastic immediately after a mode; 
amount of overwork, it became common prac! 
immediately before extra severe drawing to poss 
the sheet through a roller straightener, thus bend- 
ing the sheet sharply back and forth several! 
times. In this condition the steel can be 
formed at a faster rate without premature fra: 
ture taking place, and without formation of 
“stretcher strains.” 

Stretcher strains are lines of depressions 
elevations which destroy the evenness of the sur- 
face; when the markings are extensive it is nec- 
essary to grind and polish the surface of the 
stamping, or else scrap it. Joseph Winlock and 
G. L. Kelley showed that these markings are due 
to fluctuations occurring at the vield point. They 
are associated with steels having a definite “drop 
of beam” during tension tests. In others where 
the transition from elastic to plastic behavior is 
gradual — so that no definite vield point can be 
determined on the stress-strain curve — stretcher 


strains will not occur. 
Non-Aging Steel 


The problem of making steel free from th: 
strain-aging effect has been attacked both in stee! 
company laboratories and by the cooperative in 
vestigation in Pittsburgh. One producer has ad 
vertised a “stabilized” steel for deep drawing 
purposes, but no information as to method ot! 

A criterion 
(in the “blu 


manufacture has been made public. 
is said to be the strength at 400° F. 
brittle” 

room temperature, the strength and ductility o! 
sheet, cold rolled 2°,, will be practically stabl 


range) if this is no greater than al 


against changes due to aging. 
Ferro-carbon-titanium has had extensive Us: 
as a mild deoxidizer and scavenger to improv 
the rimming of ingots for sheet steel. Low ca: 
bon alloy has also been available for steel with 
carbon held to 0.06, or lower, as required }) 
In the Pitts 
burgh investigation it was shown that the met! 
of deoxidation had an important influence, ! 
cause it was found that commercial heats 
rimmed, semi-killed and silicon-killed steels 
very susceptible to strain aging. On the ot! 


some users of deep drawing stock. 


hand aluminum-killed steels strain age consid 
ably less, and a steel deoxidized with silico-m 
ganese in the furnace and killed with alumin 
in the ladle was reported as “essentially | 


ao 
aging, 
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THROUGHOUT the history 
of American metallurgy runs 
the tireless search for better 
and better quality — cleaner, 
more homogeneous metals, 
finer finished products. And 
the Titanium Alloy Manufacturing Com- 
pany has been — still is! —a pioneer in this 
search. 
Producing nearly 30 years ago, the first 
commercial Titanium Alloy for use in mol- 
ten steel, TAMCO since then has developed 
TAM Alloys for practically every class of 
steel, as well as alloys for other metals. 
The two TAM Ferro Carbon Titanium Al- 
loys —TAM Original F.C. T. and TAM Low 
Carbon F. C.T.—are outstanding Titanium 
deoxidizers helping to produce superior 
steels, from the highest carbon down to the 
lowest carbon made! Supporting these lead- 
ers is a comprehensive list of TAM Alloys 
and Products for all needs of the practical 
metallurgist. TAM Standard Low Carbon 
Ferro Titanium (for cast iron), Webbite 
(for aluminum), Cupro-Titanium (for cop- 
er), Metallic Titanium, Metallic Zircon- 
ium, Tizgud (for mold facing), Fluxes (for 
slags and welding), Refractories and Cem- 
ents—to name just a few. 
A TAM engineer is always ready and willing 
to assist your plant with accurate, up-to-the- 
minute information. 


ANNOUNCEMENT 


TAMCO now offers a full line of Molybdenum 
Products: TAM Roasted Molybdenum Concen- 
trates, TAM Ferro Molybdenum and TAM 
Calcium Molybdate. 


THE TITANIUM ALLOY MANUFACTURING CO. 


General Offices and Works: 

Niagara Falls, N.Y.,U.S.A. 
Canadian Representatives European Representatives 
Railway & Power Eng. Corp. Led. Pacific Coast Representatives T. Rowlands & Co., Led. 


Toronto, Montreal, Hamilton, : Baliour, Guthrie & Co. 23-27, Broomhall St., 
innipeg, Vancouver, Sydney San Francisco, Los Angeles, Portland, Seattle, Tacoma Shefheld, England 


Executive Offices : 


111 Broadway, New York City 
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SEE WHAT OTHERS ARE 
WITH J&L 


Fifteen exhibits, representing as many different lines 


of Jones & Laughlin products, are presented in the 
J&L space at the National Metal Exposition. Most 
of them include parts made by J&L customers. The 
J&L representatives in attendance will welcome the 
opportunity to discuss with you the uses of the various 
J&L steel products on display. 


CAS 


HOT ROLLED 
COLD FINISHED 


-10/20 CARBON .25/35 CARBON .30/40 CARBON 


At the left are a few of the many parts that will be 
displayed in the J&L space to show the purposes for 
which different manufacturers are using Jalcase steel. 
Most of the samples are parts made of .10,/.20 carbon 
Jalcase, which combines superior free cutting qualities 
with especially desirable case carburizing properties. 
Other parts show how J&L ‘customers are using 
higher carbon grades of Jalcase, which have heat 
treating properties that have led in many instances to 
the substitution of Jalcase for more expensive alloy 
steels. There are fifty pieces, including test specimens, 
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in this display. 
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ACCOMPLISHING 


STEEL PRODUCTS 


SPACE 174 


NATIONAL METAL EXPOSITION 


OCTOBER 1-4 NEW YORK 


J&L 


BESSEMER 
SCREW STEEL 


No CHANGE IN CHEMISTRY 
OR PHYSICAL PROPERTIES 


At the right are a few of the parts now being made of 
J&L Improved Bessemer Screw Steel with production 
increases, according to users’ reports, of from 5% to 
102%. Forty-one such parts are included in the Jones 
& Laughlin display. Discuss your screw steel applica- 
tions with J&L representatives at the National Metal 
Exposition and learn how your production may be 
improved by the use of J&L S.A.E. 1112 or J&L 
Special High Sulphur Bessemer Screw Steel, both of 
which have been improved radically in free cutting 
qualities without sacrifice of other desirable proper- 
ties. Both of these grades are available in hot rolled 


bars, cold finished bars and drawn wire. 


& LAUGHLIN STEEL CORPORATION 


AMERICAN STEEL WORKS 


JONES & LAUGHLIN BUILDING, PITTSBURGH, PENNSYLVANIA 


fices Atlante Boston Buffalo Chicego Cincinnats Cleveland Dalles 
Milwaukee Minneapolis New Orleans New York Philadelphia 


Warehouses CHICAGO CINCINNATI DETROIT MEMPHIS NEW ORLEANS 
» Repreentaties JONES & LAUGHLIN STEEL PRODUCTS COMPANY, Pittsburgh. Pe, U. S. A.. and Tere Ont. Canada 
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Denver 
Pitteburgh 


Detroit Erie Les Angeles 
St. Louis San Frencisce 
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ULTRA-CUT 


“Ace of Machining Steels” 


enables you to accelerate production 30% 

to 40% or more, setting your automatic screw 
machines to higher cutting speeds. Throughout 
industry, users of Ultra-Cut Steel are confirming 


these increased rates of production by actual operating 
records. Just recently, we received a series of reports on 
typical machine parts fabricated from Ultra-Cut, showing 
42% to 71% more pieces per hour than obtained with the former 
screw stock. The superior machinability of Ultra-Cut makes it 
adaptable for a wide range of applications, where the ordinary 
free-cutting steels fall short of desired production. You 
will find that Ultra-Cut Screw Stock machines to a 
bright smooth surface, insures clean-cut threads, 
prolongs tool life and reduces idle machine time. 
For your own satisfaction, give this steel a trial 
run on your machines. Our engineers will be 
pleased to cooperate in making the tests. 


Write for New ULTRA-CUT Steel Folder 


HARVEY.ILL. Sales Offices in all Principal Cities BUFFALO. N.Y. 
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STEEL SERVICE 


VERY buyer is entitled to the aid of our wide knowledge 
and experience to help arrive at the most satisfactory 
solution of any steel problem. 


This type of assistance has grown into a definite Steel 
Service and no manufacturer can afford to overlook its advantages. 
The stringent demands being made upon steel constantly call 
for the advice of steel metallurgists and engineers. 


Few manufacturers, of themselves, are able to keep in touch 
with all the advances which bear relation to their output. The 
many steel developments of recent years and the continued progress 
being made in processing are radically influencing production of 
every description. Choice of material and selection of manu- 
facturing methods must be made with all the assistance that 
science can bring to bear if the right quality and the utmost 
economy are to be developed. 


We have repeatedly urged that this service be used to its fullest 
extent. Many have taken advantage of it and abundant records 
have proven its value. It is a fact worthy of note that the more 
aggressive manufacturers are the most active in seeking the counsel 
of steel experts. 


In scores of plants, costs have been reduced or quality improved 
by a change in steel analysis, by special cold working, by the use of 
special shapes, by changes in the set-up of autematics, by different 
heat treatment and by many other variations in material or manu- 
facturing operations. 


To cover the scope of Union Drawn’s Metallurgical and 
Engineering Service in a few paragraphs is impossible. Rarely 
are any two examples of its application exactly alike. In each 
case, however, it is a matter of our fully understanding the 
aim in view and of combining our specialized training with 
that of the user in an effort to find the best solution. The 
results are certain to benefit by such close cooperation. 
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LATEST 
UNION FREE CUT (S.A.E.1112 ] 


Increases 


ool Life 


4 S the automobile of today is the development of more 
than two decades of progress, so is Union Free Cut 


MACHINE TOOL USERS 
MAILED ON REQUEST 


a Bessemer Screw Steel the product of constant improve- 
E ment extending back to the birth of modern mass pro- 
| duction. Hardly a year has passed without some unheralded 
improvement affecting its finish, machining characteristics 
and general performance. 


Now an outstanding advancement greatly extends tool 
life. Fundamental developments in manufacturing 
processes, which in no way affect its chemistry or physical 
properties, largely eliminate the abrasive elements which 
tend to wear away the cutting edges of tools. Exhaustive 
tests, covering many months, have proven that the life of 


all machining tools is very definitely increased —in some 
cases as much as four or five times. 


ce While no higher feeds and speeds are claimed beyond 
Union Free Cut’s already notable achievements in these 
directions, the economies resulting from longer tool life 
are of considerable practical importance. Extension of 
the useful life of expensive tools is always an important 


factor in lowering costs, while reduction in tool changes 
and tool grinding further reduces costs and increases ma- 
chine output. 


Many factors such as method of grinding, tool design, 
tool steel employed and set-up affect tool life, but none is 
more important than the character of the steel being 
machined. 


Put this advanced Union Free Cut to test on your 
machining production and note how far your costs can 
be reduced. 


UNION DRAWN STEEL CO. 


MASSILLON, OHIO 


DRAWING PROVIDES MAXIMUM 
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@ Aluminum, a most versatile metal, is con- 
tinually pushing out into new applications . . . 
Strong magnesium alloys are available in all a 
forms necessary to build light-weight machines if 
and structures . . . Two new modifications of 
monel metal have interesting properties . . . Thin 


walled tubing and die castings of brass are the 


news of the copper industry . . . Zinc, 99.99 


; 


plus pure, is available and necessary for the best 


die castings... 
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WELL-KNOWN ATMOSPHERE 


@ The insidious thing about the atmosphere is that it 
is everywhere, both inside and out. And it is almost 
100% safe to say that the atmosphere ages your 
metal product more than the normal usage for which 
it was designed. 

Atmosphere always brings some, and usually a lot 
of moisture. In addition it usually means smoke and 
many other gases and fumes. 

Right there is the reason why, in addition to its 
many other advantages, Alcoa Aluminum is getting 
the call of so many thoughtful designers. Years of 
experience have shown that 
Alcoa Aluminum is more than 
commonly resistant to the cor- 
rosive effects of the air we 
live in. 

Aluminum's natural resist- 


ance to such corrosion can 


MINUTES about the 


be immeasurably enhanced 
by economical surface treat- 
ments that should never need 
renewal. 


People want to know these 


days how long their purchase 
is going to last. Whether your 
product is going to be used 


outside or inside, “exposed” or 
“protected”, the atmosphere gets to it... and it has as 
little effect as possible when you specify Alcoa Alumi- 
num. Some one of the many 
Alcoa Aluminum Alloys will 
have the right physical charac- 
teristics for your job. Let us 
help you select it. Aluminum 
Company of America, 1801 
Gulf Building, Pittsburgh. 


@There is nothing elsewhere in this advertisement to remind you that Alcoa Aluminum 
has the tensile strength of structural steel, with }s the weight. 


ALCOA 
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F THE PRINCIPAL non-ferrous metals, 


aluminum takes first rank in interest because of 
its spectacular rise in half a century from a 
rarity to tonnage surpassed only by iron, copper, 
lead, and zine. It might be recalled that Na- 
poleon II used an aluminum table service when 
entertaining regal guests. Now the amount of 
this metal going into kitchen equipment is sec- 
ond only to that absorbed by all the transporta- 
tion industries. 

Such a rapid growth could have come about 
only by close study of the possibilities of the 
metal, by the discovery of new alloys and fabri- 
cation processes for special uses, and by reason 
of intelligent marketing. These things interest 
engineers and technicians, and so there have been 
no less than 44 articles printed in Meta Proc- 
RESS On new aluminum alloys and new uses. In 
itself this is a measure of the activity in that 
industry. 

Automobile manufacturers buy nothing to- 
day if a satisfactory substitute can be had 
cheaper. Hence the volume of aluminum going 
into automobile engines for pistons and cylinder 
ueads indicates that the metal has wholly un- 

sual properties under heat and stress. How- 
er, such uses are rather prosaic as compared 
ith the well-advertised applications to high 
‘ed rail transportation. Much aluminum has 
en in use for at least ten years in electrified 
ourban service, where the saving in weight 
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IMPORTANT 


METALS OTHER 


THAN IRON 


has paid for itself many times in power and 
quickened schedules. Within the last year two 
really light-weight trains, using aluminum as 
the principal material of construction, have been 
completed, one for main-line and one for ele- 
vated service. Five similar trains will be deliv- 
ered to Class I railroads this year, representing 
a capital cost of $2,000,000. Three are for the 
Union Pacific System and will be complete with 
diners and sleeping cars for long journeys. Two 
others (one for the Baltimore & Ohio, and the 
other for the New York, New Haven & Hartford) 
have coaches, parlor cars, and diners for day- 
time runs. 

Aluminum in marine construction is not so 
well-known; L. H. Faweett’s article in Mera 
Procress for April, 1931, may be consulted for 
data. Of more timely interest (although of 
minor commercial importance) are the racing 
vachts which have just competed for the Amer- 
ica’s cup. One of the principal innovations in 
vacht design carried over from the Enterprise 
of 1930 to the yachts of 1934 is the duralumin 
mast, weighing in the Enterprise only 4200 Ib. 
as compared with the 6000-lb. wooden mast of 
the Shamrock. This saves weight where weight 
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is to be avoided, namely, aloft, and hence in- 
creases the stability of the boat and enables her 


to carry more sail in a stiff breeze without heel- 


ing over too far and pounding into the seas. The 
mast for this vear’s cup defender, Rainbow, is 
higher and heavier, being 154 ft. from step to 
truck, and weighing 5700 Ib. Cross-section is 
pear-shaped, maximum depth is 30 in., and width 
18 in. Sheet metal at the base is about “, in. 
thick, at the top about 4, in. 

One of the early uses for aluminum was for 
high voltage electric lines. For this purpose a 
steel reinforced cable is favored by most Amer- 
ican engineers; about 100,000 miles of it are now 
in use in this country. 

The fields of architecture and interior deco- 
ration are two of the newer fields of application. 
Lightness is a matter of importance in the erect- 
ing of big spandrels but the metal is used on 
exteriors principally because it resists atmos- 
pheric corrosion and does not stain adjoining 
materials by drip. For interior work aluminum 


This Room, Designed by H. M. Schwartz, 1s Walled With 
Bright and Colored Aluminum Sheet; the Inner Cur- 
tains Are a Woven Lace of Meshed Aluminum Segments 


is permanent of color and easy of fabricat 
many good examples of its possibilities are . 
in the ticket windows, grilles, lighting fixty 
railings, gates and doors, windows and trim 4} 
the new Union Station in Cincinnati. 
Architectural uses have been promoted |), 
applying a surface treatment borrowed from {he 
aeronautic field wherein the metal is oxidized 


in an electrolytic tank. This “anodic” treatment 
produces a corrosion and abrasion resisting sur- 
face which can also be impregnated with various 
coloring matters. This has naturally opened up 
many new possibilities for interior decoration, 
for packages and for art objects. 

Aluminum foil is another product which has 
been utilized widely. To the more conventional! 
uses of food wrappings may now be added bottle 
caps and tamper-proof closures for drugs, milk 
and liquors. Crumpled aluminum foil is also 


an excellent light-weight insulator; an even mor 
eflicient insulation is made of foil neatly cut and 
built into a honeycomb of small cubical boxes 

It goes without saving that these expanding 
uses — only a few of which can even be men- 
tioned — have been backed by an intent study 
of the metal and improvement of its alloys, 
whether sand castings, die or permanent mold 
castings, sheet and foil, plates, shapes, tubing, 
forgings, extruded products, and even powde! 


Truly a most versatile metal! 
Magnesium For Weight Savers 


Magnesium is a metal closely allied to alu- 
minum in many ways. It is also of special in- 
terest to members of the American Society tol 
Metals because it has been made in commercial 
amounts in quite recent vears, and because tls 
uses are so widespread. Backed by intensiv 
metallurgical study, the snowball effect of accu- 
mulated experience with successful applications 
is clearly noticeable. 

An absorbing article by J. A. Gann 1 
April, 1932, issue may be reread for a story abou! 
the discovery of the reduction process — absor! 
ing because written by one who attended '\ 
birth of the commercial metal, so to speak. !)'s 
coveries then made at Midland, Mich., brows! 
the price of the metal in 1917 sharply dow)! te 
$2 a pound; since that time the price has st 
decreased (with improved metallurgy and © 
panding volume) to about ', as much. A 
present time, therefore, the high strength © ' 
nesium alloy castings are in the same price ! 
as the high strength aluminum castings. 


METAL PROG 5S 


f 
af 
Pia = 


so well established that tentative A.S.T.M. speci- 
fications have been written. <A series of strong 


magnesium alloys are on the market for struc- 
tural shapes and plates and a definite shop prac- 
tice for fabricating them has been worked out, . 


and a large body of information is available on a 
surface protection and coloring. ; 

One feature of magnesium which has mili- 
tated against some applications where appear- ea 
ance of exposed surface is of importance, is the | 
fact that the bright white metal tarnishes to a ’ 


dull gray. While not sightly this oxidized coat 

is durable and protective — that is to say, expo- 

sure to ordinary atmospheres has caused no 

measurable change in the physical and mechan- 1% 

ical properties of the recommended alloys. 
Very interesting chemical treatments have 

been devised to insure against damage in un- 

usual atmospheres. For instance, rolled and 


Above: Case for Remote 


So far, the impor- Control on Auto Radio, : 


tant applications have Sine Die : 
heen for items where At 
Die Cast in High Brass; 
weight Below are Cold Chisels, 
sideration. A unique Scrapers, Screw Drivers, 
instance, publi- All of Hardened Copper 
cized, is the spherical ts 
gondola constructed 
for the stratosphere flight — made of magnesium 
alloy sheet it was strong, oxvgen-tight, and al- 4 
lowed the balloon to reach a theoretical ceiling 
100 ft. higher than any competitive design. 
More prosaic weight saving applications are for 
truck trailers such as those for carrying com- 
pleted automobiles. Using the strong, magnesium he 
alloys in plate and shape forms, a four-car transporter will weigh a 
about 20 less than the corresponding design in aluminum and about pee 
i; less than the steel and wood constuction. These closed trailers 
are favored for long distance transportation, and deliver the cars : 
clean and unmarred by weather and road dirt. a 
Weight saving is an important matter for truck and bus oper- ; 
ators. They must consider more than the initial price of their 5 
equipment. Low dead loads not only mean less fuel and tire expense “a 
and higher speeds, but also more pay load without violating numer- 
ous highway regulations. Other important weight saving applications 
include air craft castings, landing wheels and instruments, portable : | 
‘ool parts, and moving machinery parts, both rotating and recipro- 
ting, 
Space prevents this article from making anything more than a 
satement that the fruit of 15 vears’ intensive study of the metal and g 
alloys has developed a successful practice for sand foundry 
' ‘ings which can readily be transmitted to any intelligent non- * 
rous foundry organization. Die casting methods and alloys are eo . 


OBER, 1934 45 


1+ 
> 

TVA. 

x 
4 
| 


cast forms are passivated by thorough cleaning 
and then immersing for 20 min. in a boiling so- 
lution of sodium bichromate and phosphate, or 
about 3 min. in a solution of sodium bichromate 
and nitric acid. The latter produces a pearly 
to brassy color on smooth surfaces, and not only 
is a good corrosion resistor, but gives a good 
“tooth” for paints and other similar finishes. 


Nickel and lis Alloys 


Nickel is another metal which has been 
promoted with energy and intelligence. Its util- 
ity as an alloy for iron and steel should not 
overshadow its equal importance as an alloy 
with copper, with copper and zine in brasses, 
and the metal itself, either pure or alloyed with 
about 13° chromium and 5% iron. The new 
radio tube industry also takes much pure nickel. 

Monel metal, as is weil known, is a natural 
alloy — that is to say, it is the result of smelting 
and refining certain of the copper-nickel ores. 
It contains about twice as much nickel as cop- 
per, and has found innumerable uses in the 
chemical, processing, and food industries. More 
recently several other copper-nickel alloys have 
been studied. 

In one the proportions of nickel and copper 
are just about reversed, giving tensile properties 
a little lower than monel, although better duc- 
tility and higher hardness. Some good qual- 
ities are strength at high temperature, resistance 
to action of steam, and high machinability — all 
of which indicate its utility to power plant equip- 
ment, valve trim, and turbine parts. An allied 
composition, 80° copper, 20° nickel, has also 
been very satisfactory for marine condenser 
tubes (see Robert Worthington’s article in this 
magazine for July, 1933). 

Special monel metals have also become 
available. One contains about 3.75°% silicon and 
is intended for places where castings should be 
heat treated to higher hardness, resistance to 
wear, and especially non-galling properties. An- 
other forging monel contains about 3°) of alu- 
minum, and may be air hardened and tempered 
to 325 Brinell with no decrease in corrosion re- 
sistance to most liquids. 

The high nickel alloy containing chromium 
was introduced in 1933, although others not very 
different had been used for several years. It has 
solved some troublesome corrosion problems in 
milk and food handling, especially in cooling 
equipment using brine, and in steam-jacketed 
kettles. 
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Permanent Mold Brass Castings 


Two important developments in copper m.t- 
allurgy have already been discussed at some 
length in other reviews in this issue. Copper is 
getting some belated study as an alloying element 
for iron and steel (see page 12) and what has 
already been found about it indicates its future 
utility to be as a strengthener, acting by an age 
hardening effect. (This is in addition to its we!l- 
established use as a promoter of resistance to 
atmospheric corrosion.) 

A second development, of greater present 
importance, is the improvement in copper tub- 
ing brought about by bright annealing methods 
(see page 68). Thin-walled copper tubing is now 
competitive with brass and iron for many do- 
mestic and industrial services, since the intro- 
duction of methods for making a sweated or 
soldered joint into couplings and fittings. D. K. 
Crampton discussed this matter in the June issue. 

Some new or modified alloys have been at 
tracting interest. Silicon bronzes are being made 
in at least half a dozen slightly different analyses 
by various mills and have the same general de- 
sirable properties. Copper-nickel-aluminum al- 
loys have remarkable corrosion resistance, and 
as a group have very interesting age hardening 
properties. Another alloy, which has, among 
other things, been put into non-sparking tools 
for metal workers, is the beryllium copper; it 
should (but won't) silence forever the twaddle 
about the lost art of hardening copper. 

In the field of pure sheet metal, mention 
should be made of the commercial production 
of thin sheet (1 oz. per sq.ft.) by electrolytic 
methods, and the method of obtaining quick!) 
a natural patina on copper. It is regrettable 
that more space cannot be devoted to these items 
in this review, for they will undoubtedly lead 
to many applications in the architectural field. 

-aralleling developments in the die casting 
of zinc and aluminum has been the successful 
casting of copper alloys in permanent molds. 
Here a difficult problem has been the dies, pols 
and goosenecks which must withstand the extra 
temperature; lead could be cast by the ancien's, 
zine die casting is easy, dies for aluminum g'v' 
considerable trouble, copper and iron alloys hove 
been beyond the ability of most foundry! 
to handle in fast-working permanent molds 

Success has finally been achieved by us 
separate melting pots, from which the bi 
melting at about 1650° F., is ladled into a | 
sure chamber on the die casting machine. 
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om of this chamber is a movable piston and 
upward stroke forces the metal into the die 
ity. One system uses metal in the mushy 
se to avoid squirting out through the clear- 
es between moving and stationary parts; in 
ther system the liquid metal is held in the 
essure chamber long enough for a chill to form 
d seal the clearance. 

A very suitable alloy is the 60:40 brass, which 
has a low melting point. Its mushy range is 
increased by adding about 1% of lead; tin and 
a little aluminum are also of advantage. Pres- 
sure castings of this analysis have tensile strength 
of 45,000 to 50,000 psi. in %-in. round bars — at 
least twice the strength specified by the A.S.T.M. 
for high brass sand castings. 

Aluminum and silicon “bronzes” are also 
quite suitable for die castings. The former has 
been cast for several years by a method which 
sucks the metal by vacuum into a steel die 
through an opening immersed in the molten 
metal. This quiet flow deposits any of the troub- 
lesome aluminum oxide on the die surface 
rather than shooting it through the body of the 
casting. Such castings have been made up to 
30 lb. in weight; tensile specimens cut from them 
will range up to 80,000 psi. tensile strength and 
20 Brinell, depending on heat treatment. 


Zinc Die Castings 


Zinc has been the marvel of the metallurgical 
world in its approach to absolute purity. In 
War-time only the metal smelted from high 
grade ores of the Appalachian Mountains ap- 
proached 99.90%. Electrolytic zinc, commercial- 
ized during that period, to handle the complex 
copper-lead-zinc-silver ores of the Rocky Moun- 
tain region, was able to equal this purity very 
readily. This seemed to be sufficient for all pur- 
poses until it was discovered (only a few years 
ago) that even higher purity would greatly im- 
prove the strength and stability of zine base die 
castings. Now 99.99 zine is available for such 
purposes. 

The story of these improved die castings has 
been told in Mera ProGress as the subject has 
developed. D. L. Colwell summarized the situ- 
‘tion in last December's issue. When the analysis 

right and impurities (principally lead, iron, 
id cadmium) held down to a total of 0.010%, 
‘e castings are nearly as strong as mild steel and 
mewhat stiffer, and change in dimension with 
se so slightly that it is detectable only by the 
ost precise experimenter. 
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ALUMINUM 


for 
LIGHTNESS... 


ECONOMY... 
EASE OF FABRICATION 


THE 


BRITISH ALUMINIUM 


COMPANY, LIMITED 
U.S. Agency: 


ARTHUR SELIGMAN 
R.C. A. Building, 30 Rockefeller Plaza 
NEW YORK 


CHASE 


OLYMPIC 
BRONZE 


Springs of Chase Olympic 
Bronze are highly resistant to 


fatigue and corrosion. 


For literature write to: 


CHASE BRASS & COPPER CO 
Incorporated 


Subsidiary of Kennecott Copper Corporation 


WATERBURY, CONN. 


he 
| 
4 
wal 
ie 
‘ 
: 
bel 
4 
3 
| ; 
| 
‘ 
i 


A) 


IF YOU NEED STRENGTH and 
CORROSION-RESISTANCE .... 


consider 


Everdur Metal, a copper-rich alloy of the solid 
solution type, combines excellent: corrosion- 
resistance with the strength of medium carbon 
steel. ductile... possesses high fatigue limit 
.. good machinability. It is non-magnetic and 
non-sparking. It may be cast, rolled, spun, 
stamped, forged and pressed...can be worked 
either hot or cold. And it is readily welded 
by all usual methods...Consider also its mod- 
erate price. No wonder Everdur has proved 
ideal for so many diversified uses. 

Everdur is supplied in all commercial forms 


... sheets, wire, rods, tubes, casting ingots, hot 
pressed parts and special shapes. It is being 
used for air conditioning equipment, grave 
vaults, hot water and process tanks, pole 
line hardware, springs and welding rods... to 
name but a few of many hundreds of uses. 
Seldom a week goes by but Everdur solves 
another metal problem. 

EVERDUR METAL—" Everdur™ is a reg- 
istered trade-mark identifying products of The 
American Brass Company made from alloys 
of copper, silicon and other elements. 


BERYLLIUM COPPER... 


Annealed — Readily Workable 


Heat Treated—UHard Enough to cut Steel 


In the annealed state Beryllium Copper may be 
worked either hot or cold, and is readily rolled, 
drawn, stamped and forged. Subsequent heat 
treating of finished parts greatly increases 
tensile strength, fatigue limit and hardness. 
For instance: 

\ Beryllium Copper sheet, rolled 2 Nos. 
hard, showed after heat treatment a tensile 
strength of 200,000 p.s.i. and a Rockwell hard- 
ness of G-105, 


And, a heat treated Beryllium Copper vibra- 
tor arm, vibrating at 230 cycles per second, 
showed no signs of fracture due to fatigue 
after two billion reversals — each of which 
involved a stress of 20,000 pounds. Temper- 
100° and 300° F. 


The use of Anaconda Beryllium Copper is 


ature was varied between 


spreading. Through it, many are realizing 
benefits previously unobtainable. Your request 
will bring further information without delay. 


We are prepared to give definite heat treating suggestions 
for any contemplated use of Anaconda Beryllium Copper 
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THE AMERICAN BRASS COMPANY 


General Offices: Waterbury, Connecticut 
Offices and Agencies in Principal Cities 
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EAT and CORROSION RESISTING 


CASTINGS 


@ Alloy castings, high in chromium and nickel, 
sre ofered in such a bewildering number of 
analyses and trade names that a major job of 
mplification awaits the industry. This it has 

ne for itself to the extent of recognizing 19 
‘iterent classes. Some notes are here presented 


high nickel, low chromium heat resistors and 


chromium, low nickel corrosion resistors. @ 
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Convincing 
Evidence 


The steadily increasing 


sales of Fahrite during the 
past five years is convince- 
ing evidence of its depend- 


ability and economy. 


Investigate and share in 


the profitable experience 


of the most exacting alloy 


users. 


{ssembled Retort for domestic stoker {nnealing Tray 


THE OHIO STEEL FOUNDRY COMPANY 
SPRINGFIELD, OHIO 


Plants : Sales Offices: TOLEDO, OHIO, 2717 Collingwood Ave. 
SPRINGFIELD, OHIO NEW YORK, 75 West Street CHICAGO, ILL., 564 Peoples Gas Bu ‘ding 
LIMA, OHIO PHILADELPHIA, Commercial Trust Bidg. TULSA, OKLA., 1011 Hunt Building 
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NE hesitates to venture very far into 


such a subject as heat and corrosion resisting 
castings because of its complexity. This — and 
the comparative youthfulness as far as the com- 
mercial production and application is concerned 
makes certain portions of the subject highly 
controversial. It is certain that as more and 
more information is gathered and disseminated 
by both foundryman and user, most of the de- 
batable questions will be answered, and the 
present bewildering array of compositions and 
trade names will be replaced by a few standard- 
ized alloys, whose reliability in particular serv- 
ices can be assured. 
As in other branches of metallurgy, a brief 
historical account will be useful in appraising 
the present situation. For our purposes we need 
not go much further back than the War, for 
about that time the use of high chromium-iron 
True it is that nickel- 
chromium castings had been available some time 
before that (they had entered the market as a 
byproduct of the resistor wire industry) and they 
ire still well established as economical high 
‘emperature castings when figured on the basis 
{ cost per hour of service. Also we had high 
licon cast irons for handling the mineral acids, 
s well as various non-ferrous metals and cop- 
er-base alloys, each applicable for certain anti- 
rrosive uses. However, the discovery that 
‘romium was close to an all-purpose alloying 
ement opened up an infinite number of possi- 
lities, and without question has been respon- 


allovs was suggested. 
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DEVELOPMENTS IN 


HEAT AND CORROSION 


RESISTING CASTINGS 


sible for the amazing developments in the last 
15 vears. 

With many users and potential users study- 
ing the suitability of various chromium-nickel- 
iron combinations (with or without other alloying 
elements) and 50 or more producers, many trying 
to interest purchasers in trade named alloys for 
special applications, it is not to be wondered that 
the situation has been more or less muddled. 
The Book of Stainless Steels lists no less than 
250 current chemical analyses of tarnish, corro- 
sion and heat resisting alloys (and several times 
as many trade names!) and nearly all of them 
have been produced as castings. 

Evidently, a major job has to be done in 
simplification. Some useful attempts in this di- 
rection have been made, one by the casting in- 
dustry itself. 

Another is by G. F. Geiger, of International 
Nickel Co., in his contribution to the Book of 
Stainless Steels, and applies to the chromium- 
nickel-iron alloys higher in alloy content than 
the 18-8’s (and also is exclusive of the chromium- 
irons). It is: 

Type I. 60 to 65 Ni, 10 to 20 Cr 

Type Il. High nickel, low chromium (35 to 
40 Ni, 10 to 20 Cr) 

Type Il. Low nickel, high chromium (10 
to 20 Ni, 20 to 30 Cr) 
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Diagram Showing How Y 
Nickel-Chromium-lron | 
Alloys Marketed for» 40 


any and zoolo 


require a | 


Heat Resistance Fall x 
Into Four Groups g 
Q 


cal classificat 
before much sys 


4ustenitic matic study can 

be undertaken. [| 

pe! would be difficult, 

x for instance, to 

make undoubted 

fe distinctions, othe: 

Per Cent tron than first cost of 


Type IV. 80 Ni and higher. 

Types I, I, and IV also are used for corro- 
sion resistance, but not to the same extent as 
tvpe I, which may be subdivided into three 
parts: 

Type Ill-a. Low nickel, high chromium (10 
to 15 Ni, 20 to 30 Cr) 

Type IIl-b. Equal alloy (20 to 25 Ni, 20 to 


25 Cr) 


Type Il-c. High nickel, low chromium (20 
Ni, 10 Cr). 

These areas are plotted on the accompanying 
diagrams. 

The Code Authority for the Alloy Casting 
Industry has also segregated the commercial va- 
rieties, this time into 19 classes. Carbon content 
of the heat resistant castings is not specified 
except in one instance. The list is shown in the 
table on the next page, and the compositions are 
plotted on the ternary diagram just below. 

This matter is of more importance than a 
casual consideration would indicate, for the most 


alloying elements, 
between alloys 
NC-3 and NC-4 (both in Mr. Geiger’s Class II) 
or between CN-38 and CN-40 (both in Mr 
Geiger’s Class IIl-a). However, it ought to by 
possible to distinguish clearly between Class I! 
and Class III, and even between the three sub 
divisions of Class III. Later even IIl-a may be 
usefully subdivided according to whether the 
microstructure is ferritic or austenitic. Such 
classification also has the strictly practical ob- 
ject of giving an intelligible basis of specification 
by purchaser, and pricing by bidder. 

As a matter of fact, there is ample evidenc 
that this differentiation is being made by pur 
chasers. The important interests in paper mak- 
ing, petroleum refining, nitric acid manufacture, 
and furnace building have pretty definite ideas 
about what they want and are able to see thal 
they get it. Likewise careful buyers of so pro- 
saic a thing as a carburizing box use accumu- 
lated experience as the basis of their expressed 
preferences. 

Improvements in foundry practice are also 
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Geiger’s Group Il of Corrosion Resistant Castings May Be Subdivided Into Three Sub-Groups. 
at right) the regions marked off as commercial alloys by the Code Authority for the Alloy Casting In 
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ceable. As in any new art, there has been 


ittempt to surround the practice with secrecy 
to make much of the undoubted difficulty 


naking sound, high alloy castings. If all that 


e to be believed, one might wonder why so 


ny castings were good! Intelligent control of 


those foundry variables which make for efli- 


ney, even in the gray iron foundry (namely, 


lov composition, melting practice, pouring tem- 


perature, sand control, molding, coring and 
valing practice, final heat treatment and X-ray 


inspection), has enabled some new factors to 


enter the business and to turn 
oul castings of constantly 


Classification Ly Cooe Authority 


ture creep resistance is low, but ductility is high. 
Silicon and aluminum both aid unmistakably in 
resisting hot oxygen. 

Nickel converts the ferritic chromium-iron 
alloys into austenitic allows, and adds strength 
and toughness both as cast and after long periods 
at elevated temperature. 

Iron is useful for its strength, a fact that 
may be lost sight of when realizing that it is the 
cheapest metal of the three. Some metallurgists 
believe that additions of molybdenum and tung- 
sten also help retain strength at heat. Carbon 
is a powerful strengthener, but 
tends to precipitate out of solid 


higher average quality. If and solution after long heatings in 
when the purchaser is assured pow Nicke/ Chromium certain temperature ranges, 
of sound metal, it not only in- and thus converts chromium- 
creases his confidence in the Nickel-Chromium Anoys iron alloys, tough while hot, 
materials but enables him to into brittle ones after cooling 
reduce the factor of safety in NC-3 | 37t040 | 17to2? to room temperature. 

the design, with accompanying NC-4 34 to 37 13 tot? Carbon is a useful foundry 
economies. No better evidence NC-5 | 29to 32 8 tol? clement for improving fluidity 
of this is required than the suc- NC-6 | 24to27? | 16 toe and castability, so the producer 

NC-7 17 to 20 7 to10 


cess of cast carburizing boxes 
with thin walls, thin enough 


Chromium /rons 


is anxious to have as much in 
the analysis as the service will 


C20 | less than 3%| 37 to 55 
to compete as to heat transmis- C-21 \lessthan3 | 26 to 30 stand. The purchaser, in the 
sion with those made of plate. C-22 |\ less than 3 16 to 22 dark as to its real function and 


Centrifugally cast alloy 


Chromium-WNicke/l Alloys 


what the safe limit is, plays safe 


tubes also represent a new de- CN-30| 10t012% | 26 to 350 and insists that it be as low as 
velopment. It is not always CN-52 7 to 9 26 to 30 possible, especially in corro- 
ing in the analyses most suit- ON-38 7t09 16 to 20 situa lion breeds controversies: 
able for the particular applica- CN-40 7to9 18 to 22 Especially have the chro- 
lion, and centrifugally cast CN-47| 10 tol2 18 to22* mium-iron castings been im- 
tubing fills this need. Tubes CN-42| 19 to 27 28 to 52 proved by intelligent metal- 
CN-435 | 29 to 31 28 to 5? 


represent one of the most diffi- 


lurgy. (This, of course, is not 


cult’ practical foundry  prob- 


* Carbon over 0.15% 


lems when cast in the conven- 

tional manner; the centrifugal process assures 
an even wall section and dense, close grained 
material, The principal uses for such tubes are 
in heat treating and carburizing tubes, glass 
rolls, burner pipes, rolls for normalizing fur- 
aces, gas cracking units, and furnace conveyor 
shafts. 


High Temperature Castings 


Some general principles as to alloving chro- 
ium, nickel, iron and carbon for high temper- 
‘ure resistance have emerged. 

Chromium is undoubtedly the metal for re- 
isting oxidation and sulphidation; 15‘: is close 
) the minimum for moderate temperature, 30° 

necessary for the highest. At high tempera- 
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intended to say that the chro- 
mium-nickel alloys are not also 
being bettered.) Alloys containing 25 to 30°, 
chromium resist oxidation indefinitely to temper- 
atures just below their melting point. They are 
equally useful in high sulphur atmospheres, as 
in ore roasters. 

Unfortunately the Cr-Fe castings are coarse 
grained, and the alloy cannot be refined by heat 
treatment, being a ferritic one without trans- 
formation points. Work at the Union Carbide 
and Carbon Research Laboratories and its asso- 
ciates has found that if a high nitrogen ferro- 
chrome is used in the melt, the grain size is much 
reduced and the strength, but especially the 
toughness, of the casting is increased. The nitro- 
gen also retards the embrittlement which is noted 
in chromium-iron alloys after cooling to room 
temperature (even though they are tough at 


53 


| 


4 
| 
li 
ii 
d 
4 
we 
3 
4 
4 
4 
; 
hall fe: 
; 
> 
4 
= 4 
| 
4 
q 
4 
eo 


heat). This embrittling action is also mitigated 
by a proper addition of titanium or columbium, 
which forms such a stable carbide that it might 
be regarded as withdrawing carbon from. the 
system, converting it into an insoluble compound 
having no more effect than any other inclusion. 


A little nickel also helps toughen the alloy. 


Furnace Parts 


Furnace parts are of much interest to read- 
ers of Mera Progress; in fact, it may be said 
that an automatic continuous furnace of con- 
siderable size and tonnage depends upon heat 
resisting castings for its very existence. 

Their success depends upon proper design 
as well as proper production, and design is dif- 
ficult because the parts operate at temperatures 
where the metal becomes plastic under moder- 
ate loads, vet most engineering formulas are 
based on the assumption of elastic action. The 
engineer, therefore, must know as much as pos- 
sible about the safe working strength of the 
metal; lacking that, the creep stress is useful 
that which will cause 1‘, elongation in a definite 


number of hours. 


Hours Required for 1% Cr 


Relation Between Stress and Creep for Various Time: 
Alloy A is approximately 35% Ni, 15% Cr; Alloy Bis 
Cr, 8% Ni containing aluminum 


high carbon 
Alloy B-28 is medium carbon 28% Cr, I0 


Cast Alloy Pot With Walls '3-In. Thick 
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Such determinations as creep stress or time 
vield relationships require a long time and a 
curate observations to establish, and are the mor 
difficult as the temperature goes up. Neverthe 
less, alloy manufacturers recognize the necessity 
of this information, and one of them has spon 
sored work at the Department of Engineering 
Research, University of Michigan, which has pro 
duced the adjoining figure. Alloy B is a high 
carbon 18-8 containing aluminum; Alloy B-28 is 
a medium carbon 28-10. Both of these fall near 
the austenitic loop; the material difference under 
load at 1800) F. (especially of the low carbon 
Alloy B) is in line with a previous remark about 
the possibility of establishing undoubted differ 
ences within Mr. Geiger’s Group III-a as to their 
essential austenitic or martensitic nature. 

Alloy A is an austenitic alloy, approximate!) 
39 Ni, 15 Cr, an analysis that is favored by fu! 
nace builders, and scientific data of this sort a! 
sadly needed. All published figures on creep © 
nickel-chromium-iron alloys were assembled }5 
L.. J. Stanbery in Metals & Alloys last Septen 
ber, and for this particular alloy nothing © 
except estimates 


available beyond 16007 F. 
“safe load” and “design strength.” Extrapolati) 
from a little data for lower temperatures, 
drew a curve for design stresses for good qua! 
material, really representing a guess at 1% cre: 
in 10,000 hr. For 35-15 these figures scale 
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1200° F., 3500 psi.; 1400 F., 1500; 1600 
psig 1800° F., 300; and 20007 F., 150 psi. 
red with figures now available for Alloy 
-e seem to be hardly one-third as high as 


1 

the ight safely be, but the furnace designer 
is tly cautious and uses a factor of safety 
to care of differences in conditions likely to 
exist in a furnace operating for 20,000 hr., say, 
from a test sample in a laboratory, studied for 


only a few thousand hours. 

Furthermore, most heat resisting castings for 
load carrying parts are designed with regard to 
foundry limitations, so that on the basis of lab- 
oratory time-vield values the castings usually fig- 
ire out to be overstrong. Another point which 
is difficult to evaluate is the thermal stress set 
up by unequal heating, end to end, or surface 
to center, a matter which is often responsible for 
warping out of usable shape. 

Special atmospheres at high temperatures 
require individual study, and data are accumu- 
lating slowly. Statements have been made and 
repeated about the danger of nickel in alloys 
in contact with sulphur. Heindlhofer and Larsen 
appraised the meager evidence in last month's 
Mevat Progress and conclude that in mixed ox- 
idizing plus sulphidizing conditions, 15 to 18° 
chromium effectively protects iron, while nickel 
in the absence of chromium (or even with chro- 
mium in very high nickel alloys) resists very little 
better than commercial iron or carbon steel. 

Reducing atmospheres at high temperature 
are difficuit to handle in the chromium-iron al- 
loys, Which carburize the ferrite and react with 
any carbides already existing, with the net re- 
sult that the alloy changes dimension and cracks. 
the 60° nickel, 15° chromium, iron (Gei- 
gers Type I) is accepted by many metallurgists 
as Standard for carburizing, nitriding, and eclec- 
trical resistivity; this type also has good working 
strength in a wide temperature range. 

A Swedish alloy containing about 60‘, iron, 
ihe remaining constituents being chromium, alu- 
minum and cobalt, has also proven to be quite 
resistant to oxygen, sulphur, ammonia and dry 
carbon oxides. (See letter from E. Ohman in 
Progress, December, 1931.) 


Corrosion Resisting Alloys 


Since each major application in corrosion 
stance is a problem of its own, remarks on 
branch of the subject will be confined to two 
‘al alloys, the “all-purpose” 18° chromium, 
nickel alloy, and the higher alloys for han- 
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Heat Resistant Castings in Base of Bright Annealing 
Furnace, to Carry a Pile of Coiled Strip Steel 


dling sulphite liquor in the paper pulp industry, 
and many other corrosive agents, 

Alloys of the 18-8 variety are fairly well 
suited to the foundry art, being less troublesome 
than the chromium-irons, for instance. They 
have fair tensile strength, high toughness, and 
resist most liquors to be handled by industry. 
All these factors make for growing importance 
of the alloy. The composition of cast 18-8 usu- 
ally runs about 19-9, or higher, so the melter can 
get his analysis within the stable range. Carbon 
content may range from 0.10 to 0.20, if the cast- 
ing is not to be welded nor exposed to working 
temperatures over 8007 F.. which precipitates 
carbide from the austenitic microstructure and 
renders the alloy corrodible to some strong re- 
agents. This is avoided by keeping the carbon 
below 0.07°., by introducing some stabilizing 
alloy like titanium or columbium, or by increas- 
ing the alloy to say 22-12. It has been shown 
that silicon up to 1% in these quenched low car- 
bon castings does not promote carbide precipi- 
tation and corrosion, 

Low carbon castings may conveniently be 
made high frequency induction furnaces, 
wherein there is no danger that carbon may be 
picked up from electrodes. However, carbon is 
now reasonably well under control in good melt- 
ing practice on the chromium-nickel-iron alloys 
in are furnaces if the charge consists of low car- 
bon materials. As the carbon content is limited 
to lower and lower amounts, the heat takes 
longer, requires more superheat, and there is 
more chance of foundry rejects. This is prob- 
ably inescapable, and the purchaser who insists 
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on low carbon analyses should be prepared to 
pay for the extra cost of producing them. 
Uniformity in production has been achieved 
Witness these physical 
properties of five heats from an acid are furnace; 


to a marked degree. 


Brinell hardness varied from 143 to 156. 


Heat Yield Tensile Elongation\ Reduction 
Strength Strength in 217N. of Area 
4970 | 34300psi.| 75,750psi. 68% 70 % 
4926 | 34,900 76,500 59 | 67.8 
4931 | 32400 88,750 55 | 67.1 
4935 | 35600 74,550 64 63.35 
4940 | 36,800 76,850 54 58.6 


H. C. Cross has studied the creep resistance 
and endurance of 18-8 castings at elevated tem- 
peratures. Split heats were used; only the carbon 
was different, low carbon being 0.07°) and me- 
dium carbon 0.12). Endurance of the low car- 
bon casting was 33,000 psi. at room temperature 
and 19,000 at 1200° F. 
endurance was $4,000 psi. at room temperature 
and 22.500 at 12007 F. 


For the medium carbon 


Creep tests follow: 


Carbon |Temper-| Stress for 1% Elongation in 10,000 Hr. 
Content | ature In Secondary Units \ Tota! Deformation 
0.067%\ 1000F 17,525 psi. 14,500 psi. 
0.125 1000 22,500 19,645 
0.067 1200 8,500 8,500 
0.125 1200 9,500 9,000 


It would seem that medium carbon alloys 
are better for service at such moderately high 
temperatures, if the problem of intergranular 
corrosion is absent. 

In order to determine definitely the suita- 
bility of the austenitic 18-8 chromium-nickel steels 
for low temperature engineering applications, 
a series of tests have recently been conducted. 
Izod impact tests and bend tests at +—30° F., —60, 

110, and —3000 F. 
with carbon content of 0.10% 


show that stainless steels 
and less are ideal 
for the construction of equipment needed for 
many new chemical processes carried out under 
low temperature conditions, as even at the low- 
est temperature the ductility remained almost 
unimpaired and the Izod impact value was prac- 
tically constant throughout. 

Owing to a number of unsatisfactory experi- 
ences with castings of nominal 18-8 in sulphite 
pulp and other corrosive solutions, it is now gen- 
erally conceded that higher alloy content is nec- 
essary to handle the variable mixtures of SO, in 
Considerable experience 


a digesting system. 
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with 20° chromium, 10% nickel, 0.20°, 1x 
carbon, plus 3°, molybdenum has been gat!) 
and on the West Coast it is practically stanc irq 

In the Great Lakes region and Canada, | jw. 
ever, many paper technologists prefer a hiche 


alloy, nominally 29-9, with carbon about 6.39 

(low enough to be ferritic as cast) and with sony 
silicon for its general founding properties. {his 
ferritic analysis has the advantage, from {hy 
producer’s standpoint, of requiring no queneh 
from high temperature to fix the microstructure. 
and therefore it can be made into many castings 
It also 


resistance as 


too intricate for drastic heat treatment. 
has the same order of corrosion 
quenched low carbon 18-8, as determined by th 
Hluey test. 

The problem of carbon specification is rathe 
more controversial in corrosion resistant castings 
than it is in heat resistant castings. It is com- 
plicated by the fact that the purchaser frequently 
wants the castings to match the chemical anal- 
ysis of adjacent equipment made of rolled plate. 
wherein the analysis has been adjusted for ingot 
practice and performance in the rolling mill. 
Likewise the discussion about 
embrittlement in borderline austenitic alloys like 
18-8 has belief 


who are not metallurgists that all corrosion re- 


intercrystalline 


tended toward a among those 
sistors should have very low carbon to be safe. 
As a matter of fact, a 


test program has indicated that the cast struc- 


‘carefully conducted 


ture (at least of the alloys tested) is more cor- 


rosion resistant than the same material after 


rolling or forging. This is not due to a skin 
effect, for the superiority exists in cast specimens, 
machined all over. An explanation offered is 
that the work of forging or rolling causes some 
of the solid solution to precipitate sub-micro- 
scopic chromium carbides, thus withdrawing 
some of the chromium from its real job of pro- 
tecting against corrosion. 

Corrosion resisting castings, when they fail 
in service, frequently fail by selective corro- 
sion — that is to say, accelerated attack in ce! 
tain regions, leaving the bulk of the casting 
virtually untouched. In most cases these vulner- 
able areas are located where shrinkage and seg- 
regation would likely appear in a defective cas! 
Undoubtedly the 
corrosion resistance (and heat resistance, for | 


matter) is as much a problem in foundry pra: 


increasing 
hat 


problem of 


ng. 


as it is a problem in analysis—— if segrega! 


and the production of incipient shrinks d 
sponginess can be minimized, the service res) 
would be correspondingly bettered. 
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Glad to See You 


at 
i126 


At the Driver- Harris Booth you will find ‘‘Nichrome’’ Castings for 
heat-resisting purposes in the form of Carburizing Containers, lead 
cyanide and salt pots, retorts, tubes, furnace parts, dipping baskets 
pyrometer tubes, enameling racks, chains; ‘‘Chromax’’ Castings for 
heat-resisting purposes at moderate temperatures; ‘‘ Nichrome’’ Dens- 
cast and Sheet Carburizing Containers and ‘‘Nichrome’’ Valves for 
Our engineers will 
be glad to cooperate in solving your heat-resisting problems. 


Shipment 


of Denscast Nichtome and Chromax Pots 


Mark req usror ‘by Dyiver-Harris Company Harrison, 


OBER, 1934 
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IN THESE BUILDINGS A NEW ALLOY 
FOUNDRY TECHNIQUE HAS BEEN 
DEVELOPED FOR YOUR PROTECTION 


PATTERN AND MACHINE SHOP SAND BLAST, CLEANING AND \-RAY DEP 


FOUNDRY AND MELTING DEPT. 


Fifteen vears of High Temperature Alloy Casting Experience —and satisfied customers. 
One year of Radiographic Inspection Service — Furnace Charge composed of Virgin 


Metals and Thermalloy foundry returns. Are not these facts worthy of your consideration? 


THE ELECTRO ALLOYS CO. 


ELYRIA. OHIO 


heep Abreast of ** Alloy Progress” by specifying 
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Thousands of Thermalloy Cast- 


we 


X-RAY INSPECTED CASTINGS 


\ YEAR AGO: 
We announced our adoption of 
this unequalled inspection tool. 


TODAY: 


ings are making new service 
records, as a result. 


PHOTOGRAPH OF OUR 
200,000 VOLT \-RAY TUBE EN OPERATION 


Occasionally the tube discloses an internal defect like 
the one shown below 


RADIOGRAPH OF INTERNAL CRACK IN CASTING 
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You have witnessed the degrading disintegration 
of ethics, morale, salesmanship ... . . cirecum- 
vention of standards, the exploitation of labor, 
and the substitution of inferior and scrap prod- 
ucts under trade names heretofore held inviolable. 


You have seen many “sound” men and “sound” 
companies frankly making sub-standard prod- 
ucts to meet the price buyers and selling them 
below cost. 


Many buyers have been well “fertilized.” Most 
of them deserved it. 
Price chiselers have sought your aid to help 


VO WYSTERIA 


scuttle their industry, claiming martyrdom, 
dying love for the customer, or the usual dey 
that accompany the exploitation even of F; 
Manureium. 


Meanwhile General Alloys kept its feet on 
ground. There has been no hysteria here 
begging for business, no prostitution of rep 
tion. We took our losses and we kept our g 
name. 


We have no apologies to offer and no alibis. \, 
had stamina enough to make good and increas 
ingly better products, and our salesmen have guts 
enough to sell them on merit. 
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There is nothing we can tell you about Q-Alloys 
half so important as the simple statement that 
this company is the oldest and largest exclusive 
manufacturer of alloy castings. 


The millions of dollars worth of Q-Alloys in 
service, made from tens of thousands of patterns, 
provide a table of information for prospective 
buyers unequaled in this industry. There are 
very few concerns in the alloy business that 
have made as much alloy as single customers 
have bought from General Alloys (two Q-Alloys 


General Alloys made a profit in 1933. Our sales 
volume for the first six months of 1934 is 108 
of the entire vear of 1933. We are sound, active 
and suecessful. 


General Alloys has not only added several of the 
largest alloy accounts in the country to its long 
imposing list of outstanding installations, but has 
made technical progress of a high order. The 
high measure of current Q-Alloy success is due 
almost entirely to repeat orders from large buyers 


‘eee 


We pledge you that Q-Alloy and X-ite and other 
products of this company will be improved wher- 
ever possible, and that no standards of metal- 
lurgical or mechanical excellence will be com- 


Phe NBA hasn't vet taught anybody how to make good alloy 


customers have each purchased approximately a 
million dollars worth). 


The depression years have demanded more than 
double the usual service from thousands 
Q-Alloys castings. Though dog-eared and weary 
from six, eight, or ten years of service they are 
still getting by, still saving money for satisfied 
Q-Alloy users whose judqment and investments 
in Q-Alloys have proven sound and economica 
Q-Alloys have been an anchor of economy in 
these stormy years. 


who have been running Q-Alloy products in cor 

petition with our best competitors and a variety 
of bargain sale alloys during the depressio: 
The largest corporations in America do not buy 
alloy on price or ballyhoo but on bona fide ser) 
ice records. 

We have kept faith with our customers and they 
in turn have kept faith with us, which is a most 
reassuring proof of integrity in trying times o! 
moral disintegration. 


promised. Q-Alloy and X-ite stand today an 
tomorrow as they stood yesterday bes 
obtainable. 


GENERAL ALLOYS COMPANY 


BOSTON « CHAMPAIGN 
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CONSE CUTIVE 


GENERAL ALLOYS 


HAS BEEN THE LARGEST 
EXHIBITOR IN ITS LINE 


AT A.S.S.T. AND 
A.S.M.SHOWS 


Weve got the "Goods" 


we show them 


You could count the alloy companies 
in the last three shows on the fingers 
of abadly crippled hand (omit thumb). 
Q-Allovs has been there with the goods. 


Products: The most complete line of Heat and 

Corrosion Resistant Alloys in existence. Backed 

by a National Engineering Service. ... (Do 
+ 

not confuse us with “foundries”.) 


GENERAL ALLOYS COMPANY 


BOSTON e CHAMPAIGN 
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MISCO CHAIN 


for use at high temperatures 
MICHIGAN STEEL CASTING COMPANY ; DETROIT, MICHIGAN 
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THROUGH recent trying years there has 
been no letting down in the quality of 
your Bell telephone service. On the con- 
trary,improvement has gone steadily on. 

On long distance and toll calls, the 
percentage of calls completed is now 
higher than ever before. The average 
time required for making these connec- 
tions has been reduced from 2.8 minutes 
in 1929 to 1.5 minutes. Since 1929, mis- 
takes by operators have been reduced 
one-third and more than 99% of all tele- 
phone calls are now handled without 
error, 

The number of service complaints 
by customers is now the lowest on record 
and reports of trouble with instruments 
have decreased 17% since 1929. It is 
truer than ever that this country enjoys 
the best telephone service in the world. 

The ability of the telephone system to 
improve its service in difficult years is 
due to unified management and a plan 
of operation that has been developed 
and perfected over the past half-century. 
In good times and bad, it has proved the 
wisdom of one policy, one system and 
universal service. 


RELL TELEPHONE SYSTEM 
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DEMONSTRATION OF 


TRIPLE CONTROL HUMP HARDENING 


In VAPOCARB Atmosphere 


The hardening of various tool steels, including those most 
susceptible to decarburization in natural furnace atmospheres, 
will be demonstrated with the L. & N Triple-Control Hump 
Hardening equipment, in Booth 354 at the Metal Show. 
The rate of heating will be automatically controlled by the 
temperature-difference method. The tools will be hardened 
without packs or coatings of any kind. They will nevertheless 
have no trace of pitting, scaling or decarburization, and the 
critical of each will be shown by the familiar Hump on the 
tool’s chart. Bring data on tool costs from your own heat 
treating department, and learn how quickly a Triple-Control 


Hump will pay for itself in your plant. 


THERMOTUBE DEMONSTRATION 


Records Actual Temperature of Work In a Furnace 


New Thermotube Radiation Pyrometer can help very sub 
stantially to improve the heat-treatment of many products, 
because it records the temperature of the surface of the work, 


instead of that of the furnace atmosphere or furnace lining. 


lhermotube is as simple and sturdy as a thermocouple pyrom 
eter. It will be demonstrated in Booth 354. You are invited 
to see it and become acquainted with one of the most impor 


tant pyrometer developments in recent years. 


These and Other Developments in 
Booth 354, Metal Show 


4901 STENTON AVENUE 


LEEDS & NORTHRUP COMPANY 


PHILADELPHIA, PA. 


7 | 


@ INDICATING and RECORDING INSTRUMENTS and CONTROL EQUIPMENT for SCIENCE and INDUSTRY ® 
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URNACES and REFRACTORIES 


TABLE OF CONTENTS a 


BRIGHT ANNEALING FURNACES = 67 


Development of equipment and cheap pro- 
tective atmospheres wherein metal can be 
heated without scale (or even with de-scal- 


ing) is a prime advance. 


MELTING FURNACES .. .. .. 73 


Electric furnaces, whether of the induction, 
direct or indirect arc type, are steadily being 
improved and their useful field widened. 


High alumina refractories for high melting 


temperatures and insulating refractories for the 


heat treating ranges have recently appeared. 
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PENCER 
MIDGET 
TURBO 


HOW SPENCER CUTTING 
THE COST AIR SERVICE 


Careful planning can reduce not only the first cost, but the 
operating cost on any equipment using gas or oil as a fuel. 


Among recent Spencer developments are: 


1. Midget Turbo shown above, which saves space, piping, wiring and 
power costs. 
2. The Single-Stage Turbo which greatly reduces the initial investment 


for most jobs within its range of capacity. 


3. The gas-tight and corrosion-resistant types which provide long life 
service in gas and chemical processes. 


ASK FOR THIS BULLETIN AT 


4. The calibrated ammeter which gives an accurate indication of air 
A.S.M. EXHIBIT BOOTH No. 251 


volume. 


5. All Spencer Turbos are now made of rust resistant metal. 


Our new bulletin illustrates all these types. Write us or ask MIDGET y 
your equipment manufacturer. 


THE SPENCER TURBINE CO. HARTFORD, CONN. __ 


Booth 
No. 251 


Booth 
No. 251 


SINGLE- STAGE MULTI- STAGE 
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MAN does not need to be very old to 
recall the time when heating furnaces (usually 
coal fired) leaked at every joint; the buckstays 
warped, the doors ill-fitted, and the roof per- 
ilously near to cave-in. 

As soon as production officials realized that 
if was necessary to heat metal parts uniformly 
to a definite temperature if the output were to 
be reasonably constant, these relics were on their 
way out. Then oil, gas, or pulverized coal, fed 
through a proper burner, became the order of 
the day. Heating furnaces were built inside 
strongly braced steel or iron binding plates, air- 
light against leakage and contributing wonder- 
fully to permanence of the installation. 

Mechanical handling, other than in car- 
bottom furnaces well-known in heavy forge and 
ordnance shops, waited for usable heat resisting 
metals and allovs. These were coming apace, 
however. Nickel-chromium alloys were avail- 
ible as byproducts of electrical resistor manu- 
facturers. High chromium-irons were discov- 
ered, and soon there was a_ variety of 
vickel-chromium-iron alloys for heat resistance. 
With them really automatic furnaces could be 
huilt; and, even more important, furnaces which 

issed a charge, one piece at a time, through 
' Stationary chamber on rails, rollers, or walking 
ams (or tumbled them down a slightly inclined 
lindrical muffle) and thus approached the ideal 
identical individual exposure for each piece 
ing treated. 


Here we had fuel economy in properly fired 
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NEW FURNACES— 


ESPECIALLY FOR 


BRIGHT ANNEALING 


countertlow furnaces, labor economy in mechani 
cal hearths and pushers, and advanced furnace 
designs that gave uniformly heated zones, under 
close and automatic temperature regulation. The 
ideas behind each of these developments were 
old; pre-War examples of most modern types 
could also be cited, but it took the commercial 
and economic conditions of post-War life to at 
tain their wide acceptance. It was perhaps not 
strange that the furnace industry then rested 
on its oars all except the vouthful electrical 
end, which vigorously pressed the advantages 
of cleanliness and mobility of electrical heat. 
It resulted that a pronounced trend was no- 
ticeable in the late twenties toward electricity 
as a heating medium for the rather milder tem- 
peratures. The safe limit of the nickel-chromium 
heating elements has more recently been raised 
by the use of silicon carbide resistors. A new 
iron alloy resistor is also reported from abroad. 
Recent installations for heat treating strip and 
baking of lacquered items have even used the 
principle of high frequency induction currents 
for heating. During these vears furnace users 
learned to demand cleanliness, reliability, and 
flexibility of a furnace, which could be placed 
directly in a production line, like any other ma- 


chine tool. 
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All the time there was a growing insistence 
lor greater accuracy in heating, wherein each 
part of each piece is heated according to a precise 
time-temperature cycle. This resulted in numer- 
ous modifications in design of furnaces for all 
types of fuel. In the batch-type furnaces this 
resulted in “program control” of temperature, 
and blowers to circulate the hot atmosphere. 
Continuous furnaces are a different) problem. 
Stokers, conveyors, blowers and atmosphere con- 
trol are well developed, and uniformly heated 
steel has been satisfactorily produced, even in 
coal-burning furnaces. 

Another important trend has been the prac- 
tical development of a number of old ideas about 
heating in controlled atmospheres. Whereas rel- 
atively expensive atmospheres of hydrogen gas 
had been used here and there, the discovery of 
low cost mixtures of neutral or reducing gases 
greatly widened the commercial scope. Included 
in this category are continuous nitriding, gas car- 
burizing, and bright annealing the latter of 
Which may be characterized as the most notable 
progress in heat treating in recent vears. 

Faced with vigorous promotion of electricity 
as a competitive heat source, the proponents of 
vas-fired equipment started an intensive study of 
their heating medium and their equipment 
studies which are still being promoted. A num- 
ber of improvements have been introduced into 
vas furnaces, such as better design of furnaces, 
burners, and flues for uniform temperature, bet- 
ter volume control, better insulation, better un- 


derstanding and application of the laws of « 
bustion. Associated economic factors have be: 


the extension of natural gas lines into establis}.. 
manufacturing regions, and marketing in bulk 
of hydrocarbons like butane or propane. 

In any consideration of relative advantage, 
of furnaces, it should be borne in mind that 
unit of heat is a unit of heat, irrespective of its 
source. It is the design and operation of the fur 
nace and its auxiliaries (that is, the control 0} 
the heat) that are responsible for the ultimat 
results. The practical problem is to secure 9 
design of furnace and a method of heating which 
will result in the maximum convenience and 
minimum cost per accepted piece under the loca! 
conditions existing at the place where the furnac: 
is to be installed. 


Furnace for Copper Annealing 


Bright annealing has been adopted by th 
copper mills to meet their customers’ demand 
for tube and wire with smooth (unetched) sur 
faces, unstained and dry. Even though the major 
ity of uses to which copper tubing is put may 
not require such a superfine surface, the pur 
chaser who pays the price of copper demands 
a flawless article. 

The art is old, in the sense that water-sealed 
furnaces (both of the batch type and the con 
tinuous type) have been installed in brass mills 
for many vears. These annealed copper tubing 
without oxidation, but since the material entered 


View From Discharge End of Continuous Furnace for Bright Annealing Copper Products, 
Such as Coiled Tubes. Gas preparation unit and control panels are hid behind furnace 
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d was discharged through water, the ends had 
be plugged and it had to be dried at the end, 


ith the accompanying “water spotting.” 
The refrigerator industry desired a soft cop- 
r tube of thin wall, free of oxide or water stain 
side and out. As pointed out by Mr. Crampton 
Progress in June, this type of product 
suld then be produced only by filling the tube 
vith a fuel gas and bright dipping to remove the 
water marks” at the end of the operation. 
That was expensive, and it seemed logical 
that the outside could also be protected by a gas 
atmosphere. The temperature required is only 
about 10007 F.. and since the tubing comes from 
the draw bench without any oxide, the prob- 
lem was to maintain that surface unchanged. 
What was required was a long muffle with a cool- 
ing chamber extension, and simple gas traps, 


through which traveled a woven belt conveyor 


of heat resisting metal. A real problem consisted 
in cooling the work and its conveyor to 200° F, 
(where oxidation is no longer a danger) without 
extending the muffle to an impracticable length. 

Probably the greatest difficulty to be solved 
was climination of sulphur in the gas atmos- 
phere. The least trace of it in the form of or- 
ganic compounds will discolor the copper. Many 
natural and artificial gases are low in sulphur, 
and that which exists can be scrubbed out to a 
harmless amount, but it was another thing to 
eliminate traces (0.05 grains per M.cu.ft.) of the 
more complex sulpho-hydrocarbon compounds 
contained in some commercial fuel gases. 

How well the job has been done can be 
realized from Mr. Crampton’s words: “As a 
result of all these items copper tube can now be 
obtained for refrigerator or other uses, bright 
annealed, clean, and dry, and from the stand- 
point of qualily is probably one of the most per- 
fect materials ever produced in our industry.” 

Similar considerations led to adapting the 
same ideas to the annealing of fine copper wire, 
cither in process or at the end, to a dead soft 
material, Yet it should not be assumed that all 
problems connected with copper have vet been 
solved. It may be said that it is now a simple 
matter to bright anneal metal which has been 
deoxidized with phosphorus, or that which has 
been refined in such a way as to be oxygen-free. 
Ordinary “tough pitch” lake copper or electro- 
lvlic copper, however, contains considerable ox- 
ide in a copper-copper oxide eutectic, the oxygen 
having been picked up during the final melting 
prior to casting into ingots, bars, or slabs. At- 
mospheres which will reduce copper oxide at the 
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surface are also likely to reduce copper oxide 
under the surface, producing a slightly honey- 
combed surface layer, or penetrated by a few 
shallow microscopic cracks where water vapor 
has worked its way out of the metal. Fortunately 
there is a mitigating circumstance that much fine 
wire may be annealed below 600° F.. and no 
embrittlement takes place at that temperature. 

Bright annealing of brass presents its own 
peculiarities, and this matter was described 
briefly by R. J. Cowan in January in Merar 
Procress. Both water vapor and carbon dioxide 
oxidize heated brass, and enough of these oxidiz- 
ing gases may be liberated from the metal itself 
to spoil the theoretical result in an inert atmos- 
phere. Mr. Cowan found that relatively small 
amounts of methanol vapor acted as an inhibitor 
and completely prevented the formation of oxide 
films; further that hydrogen, either free or 
nascent, will act similarly if other conditions are 
correct. Others recommend a little zine vapor 
in a non-oxidizing atmosphere. Still another 
school of thought contends that discoloration is 
due to irregular migration of zine at the surface. 


Brazing Furnaces 


A renewed interest in continuous “brazing 
with copper” is another outcome of the new 
knowledge about gas atmospheres. The opera- 
tion is not new, but until recently it was carried 
on in an atmosphere of hydrogen, or hydrogen 
and nitrogen, which are rather expensive gases 
unless they are available as byproducts. 

As is doubtless well known, the true braz- 
ing operation consists of dipping a tightly fitting 
assembly of steel parts into a well-fluxed pot 
of melted brass. The molten metal penetrates 
into all the joints by capillarity, and wherever 
the brass has come in contact with clean steel 
a true weld has occurred, making a joint of sur- 
prising strength. 

Even better joints can be made with copper. 
The temperature required is higher than for true 
brazing (and of course much higher than re- 
quired for annealing of copper) where steel parts 
oxidize and cannot be “wetted” by the copper. 
In the modern operation of brazing with copper, 
oxidation is prevented by heating the assembly 
in an atmosphere with more or less hydrogen 
in fact, any scale or oil is removed by the hot 
hydrogen, leaving a pure iron surface ready for 
the copper to spread over it. Instead of dipping 
the parts in copper, it has been found that a cop 


per wire wrapped around a joint, a piece of 
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shot copper in some cavity, 
or even some copper powder 


in lacquer, daubed on, will High Pressure 


/nsulators 


Wires for 
Heating Current 


\\ 


It has been found that 4 


tain amount of damag 
done to the physical pro, 
Iransite Cover ; 
ties by a long solution tr 


ment at moderate heat 


ry damage by oxidation wh 

a starts very slowly, but p 
— Tube an accelerating ra 
Resistance simple remedy is a clos 
iets : ov furnace operating in a va 
‘t 4 um. Heating is done wi 
the air vigorously circulate: 
by an internal blower. On 


Insulation 
reaching temperature, hoy 


ever, the furnace is connec! 


suffice. As the temperature 

passes 20007 F., this coppet 

melts, spreads over the ad- Ammonia 

joining iron (already deoxi- pom 

dized by the hydrogen) and i 

is drawn deep into all joints eat 

by capillary action. 
An important advance Arrows |’ 

show Path 

toward cheap atmospheres of Gas aie 

for this and other heat treat- 

ing operations was the de- 

velopment of dissociator 

for anhydrous ammonia 

(NIL) as deseribed by J. FP. 

T. Berliner in Merar Proe- ) 

ness, April, 1932.) In this dis- 

sociator the tanked anhiv- 

drous ammonia is connected 

to an alloy tube which con- 


Thermocouple ~ 


tains a suitable catalyst and We// 


Con- 


« 
ed with a vacuum line, and 
PH Beds the required soaking period 
oie proceeds with the air ex 
" 
3 hausted to a low. pressur 
During recent years 
various extensions of th: 
above general ideas hav 
Ges Outlet been made to steel. Her 


is electrically heated. 


ditions are as shown in the 


adjoining sketch. This im- 


proved equipment brought gen and 


Cross-Section of Ammonia Dissociator 
for Producing Dry Mixture of Hydro- 
Nitrogen 


the problem is more difficul! 
because annealing tempera 
tures for steel are so much 


From Ammonia 


higher than for copper, and 


the price of mixed gas of ex- 
treme purity (75%) 
25°, N.) down to where it could be more freely 

Manu- 
facturers of compressed oxygen also are market- 
nitrogen, 


and 
used in furnaces with positive gas locks. 


ing a high-purity gas containing 93°, 


g 
© hydrogen in cylinders where quantities in- 
volved are too small or operations too tentative 
to warrant installation of gas producers. 

Next came devices for making deoxidizing 
atmospheres quite cheaply from natural or city 
gas. Costs range from 15 to 25¢ per M and the 
copper brazing operation then became commer- 
cial for an increasing number of operations where 
stecl stampings are joined together to make all 
manner of things, from finned radiators to pulley 
wheels and golf club shafts and even to entire 
refrigerator units. There is no limit to the num- 
ber of joints that can be made in a single assem- 
bly, simultaneously and automatically. Obvious- 
iv, this can be done continuously in a furnace 
with a moving hearth. The only direct labor is 
loading in and loading out. 

Before leaving the interesting subject of fur- 
naces for heating non-ferrous metals and alloys 
in controlled atmospheres, mention may be made 
of the heat treatment of strong magnesium alloys 
in no atmosphere at all that is. in a vacuum. 
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because steel is a complex 

alloy containing an essential 
element carbon which should not be increased ot 
decreased while any oxide is being removed from 
its surface, even by hot gases which contain a 


large proportion of combined carbon and oxygen 


Control of Furnace Atmospheres 


Some extensive studies have been made on 
the reactions and equilibrium conditions between 
iron, carbon, and the various gases appearing in 
quantity in the furnace atmospheres, such as 
oxygen, hydrogen, water vapor, carbon mono 
ide, carbon dioxide, methane and ethylene, bot! 
singly and in combination, to discover in wiia! 
range of combinations and temperatures. stec! 


may be heated and deoxidized without bein 


(In some very sp 
cases decarburization the 
Then the matter becomes 


decarburized or carburized. 
cial may be aim; | 
others, carburization. 
one of case hardening, a subject which is treat: 
at some length in the section on heat treatmen! 
page 99.) It can readily be seen that the gene! 
problem is extraordinarily complex (but is sit 
plified by limiting the reactive gases entering t! 
annealing zone to CO, CO. H. and H.O. A 


Messrs. Marshall and Agens have shown in Mer’ 
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cress for September, 1983, when city gas is 
ned with two to three parts of air and cleaned 
thvlene and oxygen, the ratio between CO 
CO falls naturally into a value which will 
oxidize steel from annealing temperatures 
» to air-tarnishing temperatures (approxi- 
tely the range of 1500 down to F.). 
proportional amount of moisture in relation 
free hydrogen depends on the ratio between 
and CO, but the moisture can be adjusted 
it will not oxidize the steel when annealing or 


oling. 

Such a proper mixture of gases is definitely 
and therefore will render 
umiess any air trapped in the charge of metal 

during the heating evele, and reduce oxide on the 
metal itself. Hlowever, slight amounts of free 
\vgen entering during the cooling cycle cause 
the outer portion of a coil or stack of sheets to 
tarnish, even in a large excess of hydrogen at 
about 600° F, 

Etching of steel sheets is also a problem. 
this etching is caused by certain gas reactions 
wherein the iron acts as a catalyst. Etching is 
controlled simultaneously with oxidation by the 
above methods. While these gas mixtures will 
deoxidize and not etch, they also decarburize the 
steel slightly. Fortunately the principal commer- 
cial demand is for annealing of low carbon steel 
where slight decarburization is not nearly as 
serious a matter as an etched or discolored sur- 


face would be. 


As a result of the above scientific conclu 
sions, various pieces of equipment are now on 


the market for producing non-oxidizing atmos- 


pheres for steel at low cost. The gases originate 


as fuel gas (natural gas, city gas, coke oven gas, 
or blast furnace gas) and are “cracked,” or else 
partiv burned with a definite amount of air. 
(Some protective atmospheres start) from oil 
fuel.) If a large excess of hydrogen is necessary 
or desirable, a hydrocarbon may be “cracked” 
with steam at high temperature, sometimes with 
a catalyst. On the other hand, it is often merely 
necessary to mix the fuel gas prior to use with 
spent or flue gas. 

The simplest “converter” or cracking unit 
mav be a tube, or even a brick chamber, heated 
to correct temperature, through which a fuel-at 
mixture passes, and the oxygen in the air com 
bones with the hydrogen and hydrocarbons in the 
fuel. Ordinarily the hot flue gases are then 
cooled with a water spray, undesirable sulphui 
compounds absorbed by iron filings or some sim 
‘lar substance, and excess moisture refrigerated 
out or taken out by sulphuric acid or silica gel. 
Starting with, say, commercial gas, it will be 
found that the relative proportions of HL, HLO, 
CO and CO, can be kept reasonably constant by 
controlling the ratio between fuel gas and air in 
the converter, and is simply done by a motor 
operated gas-air mixer and blower. 

First application of these facts to steel pro- 
duction occurred the form of electrically 


Continuous Furnace for Bright Annealing Miscellaneous Small Parts, In- 
stalled by Hess Bright Co. Gas preparation unit and controls are included 
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heated batch-type furnaces for expensive or 


highly finished sheet, strip, and wire. Many in- 
teresting designs have been made. One is an 
“elevator” furnace placed on columns; the bot- 
tom may be lowered to floor level, unloaded and 
The fur- 
nace itself is like an elevated cover or box, insu- 
properly 


loaded, and then raised up into place. 


lated, and with electrical resistors 


placed on all surfaces. Rapid cooling in non- 
oxidizing surroundings is effected by a circulat- 
ing system which pumps the hot atmosphere out 
over a finned tubular-type surface cooler (water 
cooled) and back into the hot interior. 
loads can thus be cooled in about half the time 


Furnace 


required if under a steel hood in the open air; 
uniform cooling due to the circulating atmos- 
phere also improves the flatness of the cold 
sheets. Early commercial installations of this 
sort were for annealing silicon steel transformer 
sheet in a hydrogen atmosphere; considerable 
extra expense for hydrogen is still warranted by 
the greatly improved magnetic characteristics of 
the alloy sheet. A representative atmosphere for 
common steel is about 6% CO, 6% CO. 60 
and balance N.. 

More recent designs are of the “bell” type 
and utilize movable furnace covers, either elec- 
trically or fuel heated, and move the hot cover 
from one loaded base to another. A notable in- 
stallation of this sort at one of the large steel 
mills was described in Mera ProGress for Au- 
gust, 1933. Coils of low carbon steel strip (all 
of about equal internal diameter) are stacked on 
a refractory base to form a pile with a large 
cavity down the center of the stack. Over the pile 
of coils is placed a gas-tight evlindrical cover of 
thin sheet of high chromium, heat resistant alloy, 
which projects into an oil seal in the base. (An 
inner evlinder, open at top and closed at bottom, 
projects through the center of the coils, to clear 
the central heating elements suspended from the 
top of the furnace.) After this cover is adjusted, 
the air inside is replaced with cleaned, dry coke 
oven gas, a hot bell from another base lowered 
in place by an overhead crane, and the current 
turned on. After 6 to 10 hr. at 1250 to 14007 F., 
depending on the nature of the charge, the hot 
furnace is transferred immediately to another 
wailing charge without wasting heat; the hot 
strip, still in a gas atmosphere inside the covers, 
cools by convection to surrounding air. Energy 
required for the heat amounts to from 140 to 
about 175 kw-hr. per ton of annealed product, 
depending principally upon the carbon content 
if the loading characteristics are the same. 
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In this particular operation, the coke o 


gas is very slightly carburizing to the low car} 
steel strip. It may deposit a thin laver of s 
on the outside coil, which can be cropped 
after the final pinch-pass. As compared \ 
old style fuel-fired furnaces for annealing 
boxes, the higher cost of electric heat per B. 
is more than overbalanced by better furnace | 
sulation, by a quicker heating cycle due to | 
dead load (80 to 90°. of the total material heate 
is product —— strip), and by a smaller differentia! 
between temperature of the source of heat and 


the charge. 
Gas for Bright Annealing 


In view of the facts about equilibrium pro 
portions of CO, CO., H., and H.O stated several! 
paragraphs back, several metallurgists have held 
lo the idea that the only way to bright anneal in 
the true sense of the word would be to use gases 
which are carefully dried and completely free of 
oxygen or carbon dioxide. Such a gas would by 
purified nitrogen containing enough hydrogen to 
deoxidize but not enough to decarburize (less 
than 14%, 
heretofore has been available principally from 


for low carbon steel) ——a gas which 
the cracking of ammonia. A unit has recently 
been put in operation which makes 14,000 cu.ft 
per hr. of such mixed hydrogen-nitrogen from 
natural gas at a price which warrants its use in 
bell-type strip furnaces as described just above 
Preliminary reports are that it is able to anneal! 
any commercial steel except stainless on a ton 
nage scale without trace of oxidation, carburiza 
tion, or decarburization. 

Other types of sheet annealers have given 
good account of themselves, wherein the moy 
able hood takes the place of the bulky steel bos 
to cover a pile of soft steel sheets, but the bel! 
itself has heating elements in the form of heat 
resisting metal tubes within which gas is burned 
Hot spots are avoided by utilizing the principles 
of diffusion combustion and avoiding turbulence: 
Blowing cold air through these tubes at the end 
of the soaking period will also cut the total tink 
required for the annealing cycle. To move suc! 
a cover from pile to pile requires only the break 
ing of three hose joints, one on the fuel gas lin: 
one on the air line, and the third on the line d 
livering prepared gas to the inside of the bell fo: 
deoxidizing atmosphere. 

Such equipment has been attractive to she: 
mill operators because it is relatively inexpens!s 
and can be bought as (Continued on page 8! 
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N ANY REVIEW of recent progress in the art 
of melting metals it would be unfair to plunge 
directly into a consideration of electric furnaces, 
and by saying nothing about fuel-fired furnaces 
thereby infer that there has been nothing worthy 
to report. These older methods are now common 
property; no organization has a large financial 
interest in the vigorous promotion of one type; 
improvements therefore are matters of detail and 
are usually the result of careful study of the in- 
dividual installation and are made to adapt a 
furnace to a specific duty. 

The metallurgist studies the refining opera- 
tion and works toward his ideal slag control, de- 
oxidizing routine, and ingot practice; this has 
uuproved the characteristics of the product but 
has brought new problems to the refractory 
inaker, The fuel engineer studies the correct util- 
ization of the most economical fuel; the clearest 
evidence of changes has come about by his in- 
sistence that the furnace and all its auxiliaries 
be tightened up, that dampers be automatically 
controlled to keep the pressure slightly above 
atmosphere, that reversals on regenerative fur- 
haces be made at the correct time and in proper 
sequence, and that the fuel is properly burned at 
the right place. 

An ingenious device can be briefly described 
‘san instance of combustion control. A small 
stream of flue gas is mixed with a measured 
‘mount of oxygen and passed over a thermo- 
couple junction. A second stream over a second 

uple is mixed with a measured amount of fuel 
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BETTER PRODUCTS 


FROM IMPROVED 


MELTING FURNACES 


vas. If the flue gas contains unburned fuel, the 
first couple gets hotter, and this closes the fuel 
supply or increases the air. If there is an excess 
of oxygen in the flue gas, the second couple gets 


hotter, and this acts in the opposite direction, 
Induction Furnaces 


High frequeney induction furnaces have been 
described so often that all readers should know 
the principles of operation. It may be said that 
the recent advances have been made in tonnage 
the role of the 
furnace as a handy melting unit for any of the 


production of ordinary material 


high alloys having been well established, Experi- 
mental work also indicates that it has merit as a 
refiner when melting with proper slags. 

It has been found that the frequency of the 
alternating current sent through the windings 
(water-cooled copper coils) can be standardized 
at about 1000 cycles per sec. There have been 
available now for nearly ten years motor-gene- 
rator sets capable of producing these frequencies 
with a conversion loss of 10 to 15%. The larg- 
est size of furnace takes up to 1250 kva., and is 
installed in the Chicago district to serve a 4-ton 
furnace. With these motor-generator sets, and 
with necessary capacitors mounted in oil-cooled 
tanks, as rugged as modern central station ap- 
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Sixty-Cycle Induction Furnace (Shielded Yoke Type), 1000-Lb. Capacity at Left, and High Frequency 
of Same Capacity Arranged for Bottom Tapping, in Barberton, Ohio, Plant of Babcock & Wilcox Co 


paratus, the difficult electrical problems of small 
early installations have been solved. 

With four 4-ton furnaces here and abroad, 
it is obvious that this method of melting has 
grown beyond the laboratory stage, or for the 
production of small heats of special analysis (for 
which it was especially popular during the de- 
pression) into a primary source of steel. It is 
interesting to speculate on the economics of such 
a situation: 

In most installations (other than in found- 
ries) electric furnaces have been put into plants 
which were built around other and larger types 
of melting furnaces. If a melting department 
were installed from the ground up, it would be 
found that the cost of furnaces and electrical 
auxiliaries would be much more than open- 
hearth 
items. D. F. 
British Iron & Steel Institute compared six 75-ton 
open-hearth furnaces producing 6000 tons of steel 
a week with ten 6-ton high frequency units giv- 
ing the same output and casting direct into ingot 
Instead of 100-ton cranes and buildings 


furnaces, but there are compensatory 


Campbell in a paper before the 


molds. 
of corresponding strength, the maximum would 
be 10 tons. A more regular supply of ingots 
from a battery of electric furnaces would avoid 


much expense in soaking pits. Charging equip- 
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ment is entirely different and standby heating 
charges are zero. Ground area would be 70,000 
and 32,000 sq.ft. respectively. Summing thes« 
items, it was found that the electric furnace plant 
is actually cheaper in first cost than the conven 
tional open-hearth installation. 

The possibilities of controlling the gaseous 
atmospheres offered by the induction furnace ar 
of special interest to the metallurgist. Both melt 
ing and casting under vacuum are being widely 
used in laboratory studies of gas-free metals, and 
one large industrial installation of this kind ts 
in successful operation in Germany. A numbe! 
of heats of corrosion resisting alloys have been 
made in one of our own large alloy foundries 
under different types of gaseous atmospheres. 

Most of the foreign coreless induction ful 
naces use acid linings, whereas metallurgists 
this country have favored basic linings of mag 
nesite. Americans are now turning toward t! 
cheaper but less durable acid refractories mad 
of very pure silica sand of suitable grain siz: 
mixed with 15% silica flour and moistened to 
ramming consistency with silicate of soda sol 
tion. The silica lining will stand temperatur 
up to 3000° F, for short holding periods, and th 
is high enough for most steels; it wears aw 
gradually by fluxing. 
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rhe electrical characteristics of an induction 
f ice depend upon the frequency of the excit- 
urrent to such an exteut that the successful 
ess induction furnace is universally known 
high frequency furnace. Nevertheless, the 
tunity of avoiding the expense of installing 
frequency converters has caused some extended 
oeriments with “net-work frequency” (that is, 
the 60-eyele current standardized for long dis- 
tance transmission). Changing the furnace from 
one of 960 cycles to 60 cycles will quadruple the 
ampere turns required in the primary coil, and 
that means larger copper loss and lower electrical 
efliciency. While no frequency converter is re- 
quired, there must be voltage transformers and 
larger capacitors. Consequently it is a question 
of balancing costs of the various items of clec- 
trical equipment. 

One advantage is in the ease of shielding the 
external portion of the furnace from parasitic 
currents, a matter of increasing difficulty as the 
size of the furnace increases. The power factor 
can be improved by magnetic yokes, which con- 
sist of vertical stacks of laminated steel just out- 
side the inductor coil, from top to bottom and 
underneath until they join at a common path. A 
disadvantage is the necessity for more bulky 
scrap in the cold charge, or a button or “heel” 
of metal left from the last heat. 

A 1000-lb. furnace of this type has been in 
operation at Babcock & Wilcox plant, Barberton, 
Ohio, principally on alloy cast iron, for several 
vears. (Dr. Hans Diergarten has recently for- 
warded a letter for publication in the next issue 
of Merat Progress about the development of 
three-phase low frequency furnaces in Germany.) 


Arc Furnaces 


Mechanically, the most important change in 
are furnaces has been toward top charging. 
lwenty years ago, more or less, there were some 
small single-phase furnaces in existence with the 
cover hinged at the back, like a coffee pot, but 
this was not very adaptable to the more massive 
electrode hoists on a three-phase furnace (the 
design now practically standardized for direct 
are furnaces). A stout boss at the rear of the 
roof is engaged by a moving plunger which is 
‘aised vertically about a foot and rotated about 
‘) simultaneously, so that when the furnace is 
n for charging the roof and attachments are 
tilted, but are moved aside so a drop-bottom 
ket can dump its charge into the hot, empty 


'. By this means a furnace of any capacity 
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can be tapped and recharged within 5 min. Com- 
parative figures for two furnaces on the same 
platform, the same except that one is top charged 
and the other is door charged, show that the aver- 
age production over a period of months is 30°, 
more per man-hour with top charging. 
Electrically the principal change has been 
to rely upon tap changer transformers rather 
transformer to 


than switches external to the 


change the voltage. There may be eight or nine 
of these taps in the transformers; usually three 
or four of these taps are used for operating and 
changes made by a manually operated or motor- 
operated device. 

Another interesting development of the elec- 
tric furnace art has been the adaptation of the 
rocking type of single phase indirect are furnace 
to iron melting. This furnace has been widely 
used for melting non-ferrous foundry alloys; the 
are, struck between two electrodes at the center 
of a barrel-shaped furnace, heats the metal below 
and the refractory lining above by radiation, The 
refractories are washed and cooled by rocking 
the furnace slowly back and forth, so the lining 
The fur- 


nace is tight and is operated solely as a melter, 


carries its acquired heat into the bath. 


without a slag. 

Such an adaptation to iron melting has been 
delayed for two major reasons — first, a diver- 
sified demand for high strength cast irons, and 
second, the development of a suitable and eco- 


nomical refractory. In the furnaces melting cop- 


Three-Phase Direct Arc Furnace in Found- 
ry of General Metals Co., Oakland, Cal. 
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per alloys a high-alumina firebrick has been quite 
satisfactory; in these the maximum temperature 
seldom reaches 2300° F. However, many of the 
new cast irons acquire their enhanced physical 
properties from a high superheat-— up to 2950 
and even 30007 F. Such temperatures can be re- 
sisted by the new mullite refractories described in 


the section on refractories, page 77. First success 
was had by tamping in a graded mix of crushed 
sillimanite, and burning it into a monolith (and 
converting the sillimanite into mullite, which is 
the stable form at high temperature) by turning 
on the power with an empty furnace. More re- 
cently a line of standard shapes made of diaspore 
clay, burned into mullite, has been placed on the 
market, and good records are being made with 


9-in. linings of this material. 
Applications 


The most interesting new application is the 
melting of cast iron, or the duplexing with cupola 
for superheating or alloying, and the production 
of white iron for short cycle malleable. Aside 
from the melting of iron which started on the 
West Coast and in Canada during the War, where 
electricity was available and coke scarce, the first 
vray iron made electrically for its special proper- 
ties was produced in a 6-ton direct are furnace in 
the MeQuay-Norris foundry in St. Louis in 1919 
and cast into piston rings. This first furnace is 
still in operation. Most of the present furnaces 
making “high test iron” are relatively small, say 
lo to 2 tons capacity. They work cither on cold 
metal, or are duplexing with a cupola, depend- 


ing upon the tonnage to 


mate and 10°. elongation, or 100,000 psi. ultin. 4), 
and 6° elongation. The difficulty is in fing iy 
customers who are willing to pay a higher pricy 
for the product, even though a gray iron cas! ing 
may be redesigned to weigh half as much in ()y 
high strength varieties. The physicals quoted 
above really establish a properly made iron cast- 
ing in competition with steel castings and many 
steel forgings, and have been responsible for 4 
considerable shift in business. 

The principal outlets so far have been to 
the makers of gas engines, for cylinders and cylin- 
der heads, camshafts, crankshafts, brake drums, 
valves and tappets, although the electric indus- 
try, refrigeration industry, farm equipment in- 
dustry, household device manufacturers, and 
heavy machinery industry absorb a considerab| 
tonnage of alloy or high test gray iron. 

Much of the production is alloyed with frac- 
tional percentages of nickel, copper, chromium, 
and molybdenum. For this purpose, special bri- 
quettes of ferro-alloys have been devised, for ad- 
justing the chemical composition in the cupola 
without undue loss to the slag. “Baby” furnaces 
of both the direct arc, induction, and indirect arc 
have also been installed for melting ferro-alloys 
in quantities needed to convert occasional ladles 
of cupola iron to the various alloy cast irons as 
ordered. 

Another important discovery has been that 
are furnaces can be operated on high chromium 
steels (stainless and heat resisting) without run- 
ning the carbon up beyond specification. This is 
more fully discussed in the section on alloy cast- 


ings, page 1. 


be cast in the day. 
Enough is known 
about the art to insure 
high quality in the prod- 
uct; some foundries are 
willing to accept specili- 
cations on cast irons, al- 
loved and heat treated, 
to meet such properties 
as 90,000) psi. ultimate 
strength and 15‘. elon- 
gation, 75,000) psi. ulti- 


Indirect Arc Furnace 
(Rocking Type), 3000-Lb. 
Capacity, in Carondelet 
Foundry, St. Louis 
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ETALLURGICAL investigators and tech- 
nicians were among the first to feel the need of 


refractories of very high resistance, much above 
the capabilities of articles made of fireclay. Con- 
sequently, they eagerly adopted for their uses 
such electric furnace products as fused silica, 
graphite, silicon carbide, and alumina. These 
advanced refractories were first available for 
research equipment like pyrometer protection 
tubes, furnace linings, and crucibles; later they 
were applied to extensive use in industry. 

On account of space limitations the present 
article deals, not with such refractories originat- 
ing from an electric furnace product (considera- 
tion of which will be deferred to a later issue), 
but with improvements in refractories made 
from natural clays and rocks. These improve- 
ments have become available as a result of in- 
sistent demands by glass makers, steam power 
plants, and the cement and lime industries. They 
may be considered under three heads, (a) insu- 
lating refractories, (b) high alumina refractories 
and (¢) refractory cements and ramming mixes. 

Such developments have resulted in a spec- 
tacular improvement in the performance of fur- 
haces in intermittent duty and have helped to 
correct many a difficult problem in melting. 


Insulating Refractories 
Insulating bricks have been on the market 


‘or vears. The best known of the older varieties 
sc for raw material diatomaceous earth, the 
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INSULATING AND 


HIGH TEMPERATURE 


REFRACTORIES 


remains of billions of small marine animals 
which build themselves a skeleton of silica. They 
are good insulators on account of the cellular 
nature of the material which traps stagnant air 
within the pores, but had not been used in con- 
tact with hot atmospheres or metal because of 
the danger of softening and slagging. In com- 
mon with other materials, the better the insulat- 
ing qualities, the poorer the heat resistance. 
Consequently they are being principally used for 
outside courses of furnace settings where true 
refractory bricks have carried the load and re- 
sisted the hot contents. 

That there can be a combination of insulat- 
ing power and high heat resistance is a relatively 
new idea. Such insulating refractories are gen- 
erally a bloated kaolin or high alumina clay of 
unusual purity (although diatomaceous earth is 
also useful). Their density will vary from about 
35 to 55 Ib. per cu.ft. (as compared with 125 to 
145 Ib. for a standard firebrick) and this gives 
an idea of the proportion of voids. Light weight 
is of importance in portable furnaces, in doors 
or car bottom hearths, and in very large furnaces 
which require suspended roofs, either flat’ or 
arched. Bricks of various manufacturers differ 
somewhat in the size of the pores, ranging from 
very fine to quite coarse. Users appear to favor 
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the brick with fine texture; theoretically this 
should make for high resistance to flow of heat 
at the higher temperatures. 

Unfortunately there are standardized 
tests for those characteristics of firebrick which 
are of most interest to a furnace builder or 
owner, except strength when at high tempera- 
tures. These may be listed in order as: (a) Uni- 
formity, (b) shrinkage at heat, (c) spalling, (d) 
physical strength, (¢) insulating value, (f) ther- 
mal capacity. 

Uniformity is of the greatest importance to 
insulating refractories, because furnace struc- 
tures built of them are commonly thinner in wall 
than when ordinary firebrick are used. Thus 
the failure of a single brick in a furnace wall 
might cause the whole thing to be dismantled 
to make the repair. In thicker walls of ordinary 
refractories bonded together with headers, a 
sporadic failure usually means only local trouble 
which can be patched up. 

Shrinkage of the brick after heating to oper- 
ating temperature should be less than 1‘; to 
avoid cracks at joints and ultimate failure in the 
walls. Tests on a number of commercial brands 
showed that some of them expanded slightly if 


heated free of load, but this was reduced } 
9 


eration, this is not so important, for the sp: ific¢ 
In large 
naces the weight is usually taken by an © :fer 
Probable safe oper. 


gravity of the material is so low. 


frame of structural steel. 
ating limits at present are from 2100° F. to 2009 
F., depending on quality; one manufacturer 
claims to make one grade of brick good for op- 
eration at temperatures under 3000° F, 

Insulating capacity is about treble that of 
standard firebrick; thermal capacity is low. For 
that reason 70° of the time is saved from cold 
to heat, and walls of equivalent heat flow have 
a ratio of approximately one to ten in heat stor- 
age. While manufacturers’ claims may jot 
always be substantiated in practice, the best re- 
ports are that the following walls have equal 
heat flow: 36 in. of fireclay brick, 9 in. of insu- 
lating firebrick, and 4% in. of insulating firebrick 
backed up with 1 in. of block insulation. An- 
other estimate places the following walls on a 
par as to heat insulating value: (a) 18 in. of 
firebrick backed by 131% in. of red brick; (b) 9 
in. of firebrick backed by 444 in. of diatomaceous 
insulating brick; (c) 9 in. of insulating refrac- 
tory; (d) 4% in. of insulating refractory backed 
by 2!'. in. of diatomaceous slabs. 


to zero if the brick were loaded to 2 
psi. during the test. 

Resistance to spalling is necessary 
in all brickwork that must resist tem- 
perature changes, and is especially 
desirable in settings which are in inter- 
mittent Since one of the 
principal reasons for using insulating 


operation. 


refractories is to bring a furnace up 
from cold in very short time, this matter 
of spalling has evidently been satisfac- 
torily taken care of. Furthermore, sat- 
isfactory service is given in baffles which 
receive the direct blast of flame from 
gas burners operated with on-and-off 
control. The amount of spalling in a 
dense firebrick is usually considered to 
be in proportion to the amount of “glass” 
(highly siliceous material) which sepa- 
rates as a eutectic liquid above 2800° 
Fr. during the burning operation. The 
higher the alumina and the purer the 
refractory, the less of this glassy mate- 
rial in the brick, and the better it can 


resist sudden changes of temperature. 
Physical strength at temperature is 

not as high as for dense firebrick, but if 

a self-supporting wall is under consid- 


Press of the Type Used for Molding Insulating Brick « 
Semi-Refractories at Armstrong Cork & Insulation 
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To counterbalance these advantages, there 
some considerations as to first cost. Insu- 
ing refractories are rapidly destroyed in lo- 
tions where slagging occurs, as the porous 
ick absorbs the slag and the brick disintegrates. 
irthermore, the brick “dusts” somewhat, mostly 
suspended arches where movements due to 
,pansion and contraction cause the bricks to 
ub on each other. A cement coating will cor- 


Hot Seger Cones—a Frame From a Movie 
Film Taken in Harbison-Walker’s Laboratory 


rect this in part (as well as its permeability to 
cases). 

While some estimates might be presented, 
based on figures for heat absorption and trans- 
mission, it would be better to turn to actual fur- 
nace installations. Some figures are available 
on two annealing furnaces for seamless tubing 
operating at 1700° F., now walled with 45 in. 
of insulating refractory, whereas they were for- 
merly constructed of 6 in. of fireclay brick backed 
up by 4'4 in. of insulating (non-refractory) brick. 
lhese furnaces are fired with natural gas, have 
combustion volumes of 1400 cu.ft. and 910 cu.ft. 
respectively. The longest cycle is 8 hr. heating 
to 17007 F. and cooling 10 hr. to 1200° F. When 
loaded to 138 lb. per sq.ft., the rebuilt furnaces 
used 1.97 cu.ft. of gas per lb. of metal as com- 
pared to 2.33 cu.ft. under the old conditions, a 
saving of 15%. When loaded more adequately 
(160 Ib. per sq.ft.), the corresponding figures 
were 1.99 versus 2.65 cu.ft. of gas; and 25% 
saving. 

In another very large, car-bottom type fur- 
nace for stress relieving, heating from cold up, 
-1°c of the heat was required to heat the furnace, 
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to heat the metal charged, and 10°. was 
radiated through the walls. 

These figures indicate the great advantage 
in intermittent heating furnaces. If a quick 
cooling cycle is needed, auxiliary means must 
be used, for naturally radiation is slow. In heat- 
ing furnaces in steel mills, where billets are 
brought to forging temperatures and furnaces 
operate on long campaigns, it is questionable 
whether insulating refractories will stand up. 
Reports are various about forge furnaces; some 
succeed and some fail. Doubtless this in part 
is due to the varying intelligence and care of 
workmen and foremen. 


High Alumina Refractories 


Turning now to heavy brick suitable for un- 
usually high temperatures: It has long been 
known that the principal defects of fireclay as 
a high temperature refractory arose from the 
relative impurity of the raw materials. These 
combined at high temperatures to form low- 
melting silicates; as the amount of these silicates 
increased above the minimum necessary for a 
bond, the general excellence of the brick dimin- 
ished. 

Efforts of brick makers, therefore, have been 
directed toward securing the purest and most 
uniform clays. In one notable instance kaolin, 
the clay required for the finest white chinaware, 
has been used for raw material. Total oxides 
(oiher than silica and alumina) are less than 


grade fireclavs. Kaolin brick may logically be 


2.5’. as compared with 34, to 6° for the high 


classed as a high alumina refractory, and it is 
an attractive development, for the manufacturing 
technique need not be materially changed from 
that when ordinary fireclays are used, and the 
bricks themselves have a familiar look and feel 
fo masons. 

Many manufacturers are producing so-called 
diaspore refractories. Diaspore, the mineral, is 
hvdrated alumina, but the principal sources are 
the clay beds of Missouri, where the diaspore 
is entangled with more or less clay. After cal- 
cining and firing the composition of the diaspore 
refractories therefore varies from 60 to 80% 
ALO usually it is about 70°¢. The alumina 
slowly changes to corundum at very high tem- 
peratures, but the characteristics of this type of 
brick are dependent mostly upon the nature and 
purity of the clay with which the diaspore is 
mixed. 

Other manufacturers use sillimanite as raw 
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This mineral, when pure, has the 
slowly into another compound called mullite 
at temperatures above 28007 F., 
with the 
glass, but the space lattices of the two are so 
similar that the crystal “skeletons” of the mullite 
are the same size as the original sillimanite. 


material. 


chemical composition changes 


formation of some highly siliceous 


Thus the viscous silica which separates is con- 
tained within the new crystals and does not cause 
the brick to soften until greatly overheated. Mul- 
lite is the only silicate which is stable between 
280075 and 3300° F.; above that temperature 
there is a slow conversion into the two constit- 
uents, solid corundum (ALO.) and glassy silica. 
(Mixtures of alumina and silica compounded to 
make an artificial mullite have also been melted 
in an electric furnace and cast into brick shapes.) 

Kaolin refractories have been very success- 
ful in heat treating and forging furnaces, mal- 
leable iron furnaces, enameling pottery 
kilns. In the ceramic industry they are partic- 
ularly suited for a combination of high heat 
from all sides and load, such as for piers. 

Diaspore bricks are favored for lining rotary 
kilns used in the cement, dolomite, and lime in- 
dustries, on account of the ease with which they 
accumulate a self-healing coating of slag. In 
the metallurgical industry they have successfully 
competed with high grade fireclay brick in dross- 
ing furnaces for lead, and also in brass melting 
furnaces. 


Sillimanite bricks have given good seryi 
in firing tunnels for oil and gas flames, forgi; 
furnace walls and roof, and in electric furnac:s 
used for such purposes as the melting of brass 


gray iron, and steel. 
Refractory Cements and Ramming Mixe< 


Some recent notable improvements hay: 
been made in refractory cements for laying up 
or patching furnace walls, and ramming mixes 
for patching or making entire linings. A strong 
air-setting cement is especially useful in brick- 
laying, to replace the slurry of ground brick 
(plus a little clay) which has been the tradi- 
tional material. 

Much stress is laid on correct grain size 
analysis of these cements; frequently the “wet 
pan” is discarded and the fine dried materials 
mixed by tumbling in a way to avoid further 
grinding action. Calcined chromite, diaspore, 
mullite, and silicon carbide are the usual basic 
raw materials, depending upon the service re- 
quired. The prior heating of the diaspore to 
convert it into minerals stable at high working 
temperature is, of course, a prime consideration. 
A minimum of plastic material is then intimately 
mixed; it is as nearly as possible of the same 
chemical nature as the grains. Many of these 
slightly mixtures will 
night; others are strongly tamped dry and sin- 


moistened air-set over 


tered in place by a wash heat. 


Photo by 
H. M. Mayer 
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Controlled Atmosphere Furnaces are being used for 
bright annealing of ferrous or non-ferrous metals 

for clean hardening, nitriding, and gas carburizing 
of steel. SC Furnaces for each of these processes are 
available for continuous or batch operation. All of 
these processes have been pioneered, developed and 
made commercially practical by SC engineers. These 
same engineers will be glad to go over details with 
you, pertaining to your problems. Perhaps the solution 
may involve the application of only minor equipment. 
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Ditterent Types 


MORE THAN 400 DIFFERENT SIZES 


Because no one type of burner can handle all applications, SC burners 
are built in 46 different types and in more than 400 different siz \ 
very wide range of burner equipment is, therefore, available for what. 
ever application you may require. The correct size and type of burner 
for your particular applications are assured. 


Furthermore, in any SC burner installation there is correct proportion. 
ing of aic and gas — automatically maintained with one-valve control. 
It makes no difference what hourly capacity, there is an SC Automatic 
Proportioning Gas Burner for every heat-treating job. The advice of 
SC engineers, based upon years of experience in gas burning equip. 
ment, is gladly given on all burner applications. 


Surface Combustion Corporation 


Sales and Engineering Service in Principal Cities 
TOLEDO, OHIO 
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a gs Whether the operation requires high or low 

temperature, whether large or smal! oven, oil 
tempering or pot hardening for high or low 
pressure gas no matter what the heat treating 
opetation, there is a correct SC Standard Furnace for 


the job. 


Because of years of experience gained from thous- 
ands of SC gas burning installations, you are assured 
of the correct installation of the right equipment to 
do your job. You are assured of efficient operation, 
uniform quality-production and continued satis- 
faction. 


Consult SC engineers about your heat treating 
problems. 


1—High Speed Muffle Furnace. 2—Pot Hardening Furnace 
3—High Speed Oven Furnace. 4—Large Oven Furnace 
5—Small Oven Furnace. 6—Immersion Heater. 7—Diffusion 
Forge. 8—Pot Hardening Furnace. 9—Soft Metal Melting 
Furnace. 10—Slot Forge. 11—Rivet Heater. 12—Air Heater. 


Surface Combustion 


Toledo, Ohio : Sales and Engineering Service in Principal Cities 
Also her of ATMOSPHERE FURNACES ...HARDENING, DRAWING, NORMALIZING 
“"* ANNEALING FURNACES . FOR CONTINUOUS OR BATCH OPERATION 
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ARMSTRONG’S HIGH TEMPERATL 
PRODUCTS 
insure successful results 


WHY 


(Continued from page 72) WO things account for the 
uniformly high quality —the 
successful results—of Armstrong's Armstrong’s EF is a light- 
high temperature products. First, semi-refractory brick for us 
the technical expertness with which out fire brick protection | 
they are made. And second, the 2475° F. It has proved its , 
careful testing which keeps them in hundreds of installations to 
consistently up to Armstrong's fuel costs and increase prody 
rigid specifications. volume by cutting down |x 
They're the reasons, too, why time. For temperatures up 
leading furnace manufacturers and 2500° F. behind the refrac 
slight surface plant supervisors standardize on you'll want to consider Armstrons’s 
“tooth” for the Armstrong’s three Insulating Brick Insulating Brick; for temperatures 
Armstrong’s, EF, and Nonpareil. up to 1600° F., Nonpareil Brick 
On this page are shown a few of Armstrong Cork & Insulation Com 


the steps by which Armstrong pany, Insulation Division, 
988 Concord Street, Lan- A) 
caster, Pennsylvania. 


assures you of brick that are 
uniformly efficient. 

CONSTANT ACCURATE 
TESTING 


Write today for data and sa 
a “replacement” instead of cast of the brick which interest 
iron or steel covers. Sheets an- 
nealed in a pile also come out 
1 fairly flat; while an absolutely 
bright anneal is seldom effected, 
this is of small moment for such 
things as tin plate, which must 
apparently be pickled anyway 
lo produce a 
roughness or 
metal coating to adhere, 


Continuous Normalizers 
Continuous normalizing of 


steel sheet was well established 
Its advantages, 


PRECISE MANUFACTURING 
METHODS 


some years ago. 
both in the realm of economics 
and metallurgy, for deep draw- 
ing sheet are so well known that 
they do not need to be repeated 
here. Bright normalizing in ton- 
nage is a matter for the imme- 
No large installa- 


€GIANT Press used for 
molding all types of insu- 
lating brick made by 
irmstrong. The accurate 
control mechanism as- 
sures correct 
and press al Auto- 
matic conveyors carry 
the brick to the dryers. 


Test for tem--> 
peratures from 1000° to 
3000° F., at Armstrong's 
Beaver F alls factory. Here 
experiments are con- 
ducted with different 
mixes, temperatures, and 
burning periods, 


diate future, 
tion has vet been made, for the 


steel mills profess to be inter- 
ested, not in a battery of small Tonner Kin speci- 
ally designed for firing 
irmstrong’s, EF, and 
Nonpareil Brick. Careful 
control of temperature is 
maintained by means of 
1 recording potentiometer 
system and additional 
checking with pyrometric 
cones on each kiln car, 


furnaces, each capable of about 
a ton an hour (which can prob- 
ably be built and guaranteed 
now), but in a single large fur- 
nace for the entire mill's pro- 
duction, wide enough for the 


widest sheet vet proposed. Ob- 


Test Fur--> 
Nace used to teat ineu- 
lating brick under U. 8. 
Navy specifications for 
spalling test. Bricks in 
panel forms are heated 
in the furnace and then 


viously it will be quite a prob- 
lem in design and construction 
to make such a large gas-tight 
furnace with a roller or walking 
beam hearth, heated with elec- 
trical resistors (or with gas 
around a muffled working cham- 
ber), because the infiltration of 
a small fraction of I of air 
would oxidize the material un- 
der treatment during the cooling 
evele. The advantage of such an 
installation will obviously be the 
production of bright sheet which 
will require no pickling. 
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cooled by air blast. 


€S1z1nG insures tight 
joints, Note the even set- 
offs in this pile of insu- 
lating brick at the Arm- 
strong factory. The bricks 
as they come from the 
kiln are shown on the 
extreme right. 


Heat Frow Test-> 
Equipment in Central 
Technical Laboratory, 
Lancaster, Pa. Three 
simultaneous teats on 
high temperature brick 
ire in progress. Inset 

Close-u Pp of heat 
flow testing equipment. 


Armstrong's 


THREE HIGH TEMPERATURE BRIC\ 
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MODERN 


HB-10 HIGH SPEED FURNACE 
(With Atmospheric Control) 


FOR 


Air Tempering 


Air Superheating 
A\nnealing 
Aluminum Melting 
Brass Holding 


Carburizing 
Cyaniding 


“AMERICAN” 


Electric Furnaces 


JUTHE 


Gas Furnaces 


EQUIPMENT 


B-20 PRE-HEATING FURNACE 
(With Atmospheric Control) 


Drawing 


Forging NA-21 AIR TEMPERING FURNACE 
High Speed Hardening 
Lead Hardening Oil Tempering 


Nitriding Pre-heating 


Normalizing 


American Electric Furnace Company 


30 VON HILLER 


ric Furnaces 
at 
BOOTH 345 
OCTCSER, 1934 


N 


National Metal Exposition, New York 


STREET, BOSTON, MASSACHUSETTS 


Gas Furnaces in 
INDUSTRIAL 
GAS SECTION 


AT THE 


October 1-5 
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ELECTRIC FURNACES 


GOING 
THE 


Two 
Vertical 
Retort 
Furnaces 


Let Representatives at Booth No. 411 
Tell You About the 


FLEXIBLE FURNACE 


Hevi-Duty Vertical Retort Furnaces which are readily 
interchangeable to such heat treating processes as Cur- 
burising, Nitriding, Annealing, Drawing, etc., are 
in daily operation in many plants throughout the 
country... . The adaptation of this furnace to the 
many different heat treating processes has resulted 
in GREATER PRODUCTION FROM ONE INVEST- 
MENT. .... And these performances have proved 
that quality products are made with surprising econ- 
Our Representatives at Booth No. 411 
can give you some startling facts about these furnaces. 
Your failure to make inquiry is your Company’s loss. 


TRADE MARK 


REG U.S. PAT. OFF 


HEAT TREATING FURNACES 
ELECTRIC EXCLUSIVELY 


DUTY ELECTRIC CO. 


HEVI 
MILWAUKEE, WIS. 
—4 
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2,000 fine hobs 


value *5Q°° each 


hardened in a single month by 
this “CERTAIN CURTAIN” team! 


PRE-HEAT 


4000 Ibs. per 16-hr. day 


A large mid-west manufacturer of tools for the automotive 
industry reports an output of 4000 lbs. per 16-hr. day of 
high speed tools from his “team” of Certain Curtain LR-80 
Pre-heat and HG-70 High Speed Hardening Furnaces. Part 
of a recent month's production consisted of 2000 fine hobs 
with an average value of $50 each. 


HARDENING 


45c per hr. for current and upkeey 


Records show the combined current and upkeep costs for 
the two furnaces to be within 45¢ per production hour. a 
splendid example of the efficiency of the electric furnace 


High quality - fast production - low 


The biggest advantage you gain in using Certain Curtain 
Furnaces is quality: the working properties of the steel 
are developed to their fullest extent, while danger of de- 


carburization, scaling, pitting and grain growth is eliminated 
by the protective Certain Curtain atmosphere in the heating 
chamber. As a further direct result of perfected atmosphere 
control, you obtain this superior quality at extremely fas! 


rates of production. This means low labor cost as well as 


low operating cost. 


for 


Certain Curtain Furnaces are made in styles and sizes 1[0! 
heat treating all types of tool steels. We shall be glad t 
send you literature. 


Inc. 


Cc. HAYES, 


129 BAKER STREET, PROVIDENCE, BR. ! 
E. F. BURKE L. W. HAYDEN F. J. CON 
2281 Scranton Road 26 So. Fifteenth St. 148 Crestwo 
Cleveland, Ohio Philadelphia, Pa Buffalo, 
R. G. HESS L. C. LOSHBOUGH C. A. HO 
76 Fulton St 2626 W. Washington Blvd. 202 Forest Ave 
New York, N. Y Chicago, a Detroit, M 
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For Enameling Metal 


Whether you are enameling cast iron or 
steel——in box furnaces or continuous fur- 
naces — you ll find that Alundum Refrac- 
tories (fused alumina) have just the right . 
characteristics: 


Resistance to high femperatures, 


Great strength. 
High heat transfer. bee 
Stability. 
Long life. 
Low fuel cost. 
For Heat Treating Metal 


In many types of heat treating furnaces 
youll find Crystolon Refractories (silicon 4 
carbide) meeting exacting requirements. 
They are popular because of these features: 


Resistance to high temperatures. al 
Great strength. 
High heat transfer. 
Resistance to spalling. 
Resistance to abrasion. vibe 
Long life. i 
Low fuel cost. 
MACNESIA 
Melting Metal 

In all types of induction furnaces — large 
and small— for melting ferrous and non- 
ferrous metals— Norton electrically fused ie 
magnesia refractories are widely used. ae 
Available in the form of cements and bonded om = 
shapes —— in different mixtures to meet dif- B 
ferent conditions. Their special features , 
are : : 
Resistance to high temperatures. " 

Chemical resistance and low perme- 
abilities to molten metals and oxides, 
NORTON COMPANY, WORCESTER, MASS. A: 
NORTON 


REFRACTORIES 
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= Continuous Non-Ovidizing Annealing Furnace 
I letal ( ongress weeke or anv other lime al convemence. 
50 Church Street, N.Y. = Hudson Terminal Building 
We have a lot of new furnace designs that may be of interest to you. . . Anyway we will be glad to see you. 
Representatives DETROIT CHICAGO CLEVELAND COLUMBUS INDIANAPOLIS MONTREAL TORO? 
Quenching of Steel 
3 . . an answer to your problems 
By HERBERT J. FRENCH 
| d 4 | b late of the Bureau of Standards, 
n ustria urn aces now with International Nickel 
f all kind pres 
°o a in S HIS book is a comprehensive discus- 
sion of cooling characteristics of var- 
B Forging, Heat Treating, ious cooling media (coolants). Cooling 
: e properties are given for both surface and 
f Metal Melting, etc. center cooling of a given mass of steel. 
& Data for center cooling are summarized 
graphically and in equations which per- 
Car type furnaces, Conveyor fur- mit computation of center characteristics 
ab of various sizes and shapes of steel. 
| naces, and the Stewart Gasifier 
ry 172 pages, 6 x 9, 105 illustra- 
= : tions ... bound in red cloth. 
A Stewart representative is located sep 0 
near you. Let us know and we will see , 
that he gets in touch with you quickly. Mail Your Order Today 
CHICAGO FLEXIBLE SHAFT CO. 
1104 So. Central Ave., Chicago, U.S. A. AMERICAN SOCIETY 
FLEXIBLE SHAFT COMPANY, Ltd. 
349 Carlaw Ave., Toronto, Ontario, Canada f or METALS 
Eastern Branch Office: 11 W. 42nd Street, New York, N. Y. 7016 Euclid Avenue Cleveland, Ohio 
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The AMAZING SUCCESS 


of an 


= 


OU who read Metal Progress found in your April issue of 
this year the first announcement of a new instrument; an 
instrument which has in these few months made history in the 


field of furnace control. 


The “Lindberg Control,” to regulate the rate of heating, found 
a demand among electric furnace users which had been unsatis- 
fied up to that time. The results have been astonishing. In- 
quiries came in from almost every large manufacturer in this 
country and Europe. Orders followed inquiries and already 
“Lindberg Controls” are guarding the quality of steel in Sweden, 
gears in England, tools in Poland, and parts of all kinds from 
New England to California,—telephones, tractors, lenses, ma- 
chine tools, valves, springs, enamelware, farm implements, auto- 
mobile parts, radio parts, railway car wheels, electrical appa- 
ratus,—the users of “Lindberg Control” form a blue book of 
American manufacturers. 


A world renowned pyrometer manufacturer calibrates his 
thermocouples in a furnace where the “Lindberg Control” assures 
accuracy not obtainable with control pyrometers alone. 


And in addition to more accurate control, these users are reduc- 
ing heating element replacement and electric demand charges. 


Electric furnace manufacturers were among the first to appre- 
ciate the advantages of input control and are in many cases 
recommending the “Lindberg Control” on new installations. 


The Metal Industry has again proven its ability to quickly 
recognize and accept new and worthwhile improvements which 
result in quality and economy. 


Write for Bulletin “LINDBERG CONTROL" 


Amazing Instrument 


LINDBERG STEEL TREATING COMPANY 


221 UNION PARK COURT e 


CHICAGO, ILL. 
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— CONTINUOUS OR BATCH TYPE 


for 


BRIGHT ANNEALING COPPER BRAZING 


NORMALIZING STRIP ANNEALING 
HARDENING CARBURIZING 
TEMPERING NITRIDING 


DECORATING CERAMIC PRODUCTS, ETC 


CONTINUOUS STRIP 
ANNEALING FURNACE 


SIDE CHARGING FURNACE FOR 
ANNEALING TUBES. RODS 
AND SECTIONS 


LIFT BELL TYPE FURNACE 
FOR BRIGHT ANNEALING 


BATTERY OF WIRE AND SHEET 
ANNEALING FURNACES 


OUR LATEST 
FURNACE DESIGNS 
FOR ANNEALING 
COILED STRIP, WIRE. 
AND SHEET OFFE®— 
REVOLUTIONARY. 
ADVANTAGES 10. 
MANUFACTURERS OF 
THESE PRODUCTS 


PUSHER TYPE FURNACE FOR HEATING BRASS 
FORGING AND EXTRUSION BILLETS 


YOU ARE CORDIALLY INVITED TO VISIT 
OUR BOOTH AT THE NATIONAL 
METAL EXPOSITION 


ELECTRIC AMMONIA DISSOCIATOR 
A CHEAPER SOURCE OF HYDROGEN 
FOR FURNACES USING A REDUCING 
ATMOSPHERE 


DIVISION OF THE AJAX METAL COMPANY FRANKFORD AVE. and ALLAN STREET @ PHILADELPHI/ 
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CORELESS INDUCTION 
FURNACES 


AJAX ELECTROTHERMIC CORP., TRENTON, N. J. 


: Visit Us at Booth 374 
». H. CLAMER, Pres. & Gen. Mar. National Metal Exposition 


October 1 to 


E. F. NORTHRUP, V. Pres. & Tech. Adviser 


OBER, 1934 
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Recuperator applied to Four-Door Reheating Furnace—Note “hot” fan handling air at 900° F. 
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Charging Side of Recuperative Four-Door Reheating Furnace 


F course you are interested in fuel savings. 
And so were the engineers in a Pittsburgh 
District Steel Plant. 


For that very important reason they installed 
this Carborundum Company Recuperator— 
equipped with tubes of Carbofrax, the Carbo- 


rundum Brand Silicon Carbide Refractory. 


The recuperator applied to a four-door reheat- 
ing furnace, preheats all their combustion air 
to about 900° F. for natural gas and oil fuel. In 


the furnace they handle miscellaneous sizes of 


billets with hot and cold charging on a solid 


hearth. They operate on a 24-hour schedule. 


The fuel savings effected by the recuperator 
more than justifies the investment. 


Let us send you information that will point the 


way to fuel savings in your plant. 


THE CARBORUNDUM COMPANY 


RECUPERATOR 


Equipped with “Carbofrax” Tubes 


(REFRACTORY DIVISION) 


District Sales Branches: Boston, Chicago, Cleveland, Detroit, Philadelphia, Pittsburgh. Agents: L.F. MeConnell, Birmingham, Ala. 
Christy Firebrick Company, St. Louis; Harrison & Company, Salt Lake City, Utah; Pacific Abrasive Supply Co., Los Angeles, San Fran- 
cisco, Seattle; Denver Fireclay Co., El Paso, Texas; Williams and Wilson, Ltd., Montreal-Toronto, Canada. (Carborundum and Carbo- 


'rax are registered trade marks of The Carborundum Company. 
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sensational New Wheel 


THE NEW DIAMOND WHEEL WILL BE SHOWN and demonstrated under actual grinding 
conditions at The Carborundum Exhibit, National Metal Congress, October Ist-5th. 
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hard cemented carbide tools 
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IT’S MADE OF CRUSHED DIAMONDS! 


ARBORUNDUM Research Laboratories announce 
4a new wheel made from genuine, crushed South 
\frican Diamonds—a wheel that through long exhaus- 
tive tests has shown startling results in grinding hard 
cemented carbides. 

Qn pure cemented carbides this new wheel is ap- 
proximately thirteen times faster cutting—removes 
thirteen times more stock per minute than previous 
specially developed abrasive wheels. 

In the grinding of mounted tips—that is grinding 
the cemented carbide as well as the steel tool stock— 
the new Diamond Wheel shows four times greater 
stock removal per minute. 

The diamonds used are small South African gems 
too small and off-colored to be considered precious. 
They are crushed—accurately graded to « ‘comparatively 
coarse, 90 grit; the fine, 220 grit: and extra fine, 400 
vrit—and bonded with a special bond developed in 
our laboratories. The result is a wheel that cuts with 
astonishing speed. 

The new Diamond Wheels re quire no dressing—in 
fact, it is impossib le to dress them. The thoucande of 


tiny diamonds that stand out like so many miniature 
cutting tools do not break down or crush. The ‘Vy stay 
permanently sharp | cluding the need of dressing— 
even if it could be done. 

These wheels are made to micrometer exactness— 
balanced to within a fraction of a gram. The new wheel 
is used with water—wet grinding—and it produces 
clean, true, straight. un-nic Se de dge sand truly flat tool 
faces—be autifully finished. Ove rhe ‘ating is eliminated- 
in grinding, the tools aren't even une omfort: ibly warm. 

Iti is important to note, that by finishing with the fine 
grit on the long, tedious, costly operation of lap- 
ping is eliminated, 

Indications are that the Diamond Wheel can be 
effectively used also in many and various fields on 
materials approaching in hardness the cemented car- 
bides. Studies of these applications are now being 
made. 

Limited stocks are now available in six and seven 
inch diameter wheels in the three grits. 

Again Carborundum makes an important contri- 
bution to industry. 


THE 


COMPANY 


Niagara Falls, N. Y. 


nadian Carborundum Co., Ltd., Niagara Falls, Ont. Sales Offices and Warehouses in New York, Chicago, Boston, Philadelphia, Cleveland, 
troit, Cincinnati, Pittsburgh, Milwaukee,Grand Rapids; Toronto, Ont. (Carborundum is a registered trade-mark of The Carborundum Co.) 
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Electric-furnace brazing lends itself admirably to continuous production. These mesh-belt conveyor furnaces 
are used for copper-brazing refrigerator condensers of the steel-fin type. Handling costs are low; economy 
is good; temperature, time, and atmosphere are under accurate control 


One of the standard box-type furnaces of the 
extensive G-E line. Other standard G-E types in- 
clude belt-conveyor, rotary-hearth, car-bottom, 
air-draw, and elevator furnaces 


Below—By paying for itself in a year, this pusher- 
tray-type G-E electric furnace demonstrated its 
ability to cut over-all costs. Used for bright- 
annealing steel punchings. A G-E ammonia dis- 
sociator supplies the atmosphere 


Continuous, roller hearth electric furnace used to anneal steel strip. ra of many installations 
for which controlled atmospheres of any desired analysis, either oxidizing or deoxidizing, are 
produced by G-E combustion-type furnace-atmosphere controllers 


Because of accurate temperature . 
control, and even temperature dis- & 
tribution, this wire-galvanizing 
furnace has maintained the desired 
uniformity of coating ... improved 
quality ... saved zinc ... prolonged 
tank life 


Right—This G-E 
plate-belt conveyor 
furnace is actually a 
hardening machine. 
The parts are self 
quenched from an 
accurately main- 
tained temperature 
and automatically de- 
livered from the 
quench tank. Adjust 
able-speed drive pro- 
vides flexibility in 
heating time. The 
controlled atmos- 
here reduces decar- 
urization, prevents 
scaling, and minimi- 
zes cleaning costs 


The even temperature distribution throughout this 2000-kw., 

car-bottom type GE electric furnace assures proper, ##sform, 
annealing of large castings and fabricated shapes weighing uP 
to 75 tons 
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Electric Furnaces 


ONE Manufacturer 


HE expense-saving performance of G-E elec- 


tric furnaces is a natural result of the back- 
ground from which the now extensive G-E line 
was developed—a_ background of practical 
experience acquired in solving the complex 
industrial-heating problems in General Electric's 
own factories—a background that requires these 
furnaces to pay their own way under actual oper- 
ating conditions. 


G-E electric furnaces reduce handling charges* 
simplify processes, eliminate retreatments, in- 
crease uniformity, provide better working con- 
ditions, and improve quality—factors that produce 
substantial savings in total production cost. 


What's more, you can duplicate these profitable 
results in your own plant, for G-E electric fur- 
naces are available in sizes and types that meet 
the requirements of every industry. The complete 
G-E line—with G-E control built to match each 
type—enables you to entrust ove manufacturer 
with the undivided responsibility for your every 
need in electric furnaces. 

For information, write the industrial heating specialist at 


the G-E office nearest you; or address General Electric, 
Dept.6A-201, Schenectady, N. Y. 


“Our four G-E bell-type furnaces for anneal- 
ing coiled steel strip’, writes the Thompson 
Wire Company of Mattapan, Mass., “have 
reduced our annealing cost 10 to 20 per 
cent. In fact, the furnaces will pay for them- 


selves in less than three years’ 


Right — Improvements in controlled cool- 
ing and controlled atmospheres are 
features of this G-E elevator-type anneal- 
ing furnace. In it, you can anneal, with- 


ps. bars, 


out oxidation, steel sheets, stri 
punchings, etc. — using high or 
of cooling as desired 


treatment. These two G-E pit-type annealing 

furnaces are used in the production of bars that cling farnace hes seduced beadling 
are so well and so accurately heat-treated as to 
develop their full “physicals’’—bringing out their 
high inherent quality 
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Alloy-steel bars can be no better than their heat- 


This G-E continuous, heat-sealed enam- 


costs, has speeded up production, and 
has operated without shutdown for 
repair for nearly four years—in the 
Enamel Products Company plant, Cleve- 
land, Ohio 


Right—For high-quality bright-anneal- 
ing of punchings, stampings, tubing, 
and flat strip, or for electric-furnace 
brazing, this G-E mesh-belt conveyor 
furnace performs like a production-line 
machine, maintaining a flow of output 
both continuous and uniform. A G-E 
combustion-type furnace- atmosphere 
controller is used 


Left—Full-automatic timing of sequen- 
ces for preheating, heating, and quench- 
ing is provided by this unusual double- 
chamber G-E roller-hearth furnace— 
used for normalizing or hardening 
alloy- or carbon-steel bars —adjustable 
for various sizes of stock 
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Fuel consumed during this period . 
Fuel consumed during operation. ..... 
Amount of stock per square foot of hearth 
_ Total weight of stock heated.......... 
Gos consumed per pound of stock hected 


too, will save 50% 


id your industrial furnace 
operating costs daily 


The remarkable reductions in operating costs that have 
been secured through the installation of B&W Insulating 
Firebrick are now extended to those operating industrial 
furnaces in the lower temperature zones at a new low 
initial cost through the development of the B&W K-26. 

This new insulating firebrick is substantially lower in 
price than the original B&W Insulating Firebrick, yet 
retains every characteristic requisite to lower operating 
costs in industrial furnaces operating at temperatures 
under 2600 degrees fahrenheit. 

For service at higher temperatures, The Babcock & 
Wilcox Company has perfected the B&W K-30, which 


attains its maximum use limit at 3000 degrees 


fahrenheit. Both of these insulating firebrick not only 
possess every advantage of an efficient insulator, but, 
due to their high fusion points, freedom from shrinkage, 
and inherent ability to support loads, may be used as 
a refractory in the furnace structure directly exposed to 
heat, thereby decreasing the heat storage as well as the 
heat flow. 

These features result in time and fuel savings sufficient 
to warrant your thorough investigation. Write for Service 
Reports ... even the briefest examination of these records 
will prove the adaptability of these refractories to your 
particular requirements and will indicate the amount of 


savings you, too, may secure. 


SEE THE CONVINCING DEMONSTRATION OF SAVINGS AT 


BABCOCK & WILCOX 


The Babcock & Wilcox Company, 85 Liberty St., New York, N. Y. 
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Time from liahtina until ready for work... 60min. 10 min. 83.3% 
1,250 cu.ft. 200cu.f. | 
53.7 lb.  83.4lb. || 
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EAT TREATING and FINISHING, 
METHODS and SUPPLIES 


@ Heat treating in controlled atmosphere is 
3 development that includes things as diferent 
as scale-free tools, carburized gears, and nitrid- 
ed pins....Considerable progress is also 
noted in solid carburizers . . . . Quenching salts 
and quenching baths have been improved, and 
3n understanding gained of the excellence of 


parts, deep hardened by quenching in hot 


baths... 
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PANGBORN EQUIPMENT PROVIDES QUICK CLEANING AT LOWEST 
COST FOR ALL HEAT TREATED PARTS, TOOLS, DIES, GEARS, ETC. 


Pangborn Blast Cleaning Cabinets, Barrels and other types of equipment are in daily use removing scale 
from all sizes and shapes of Heat Treated parts and are doing this work at lowest possible cost. Products 
are given uniform finish and eee is constant. Pangborn equipment is designed for hand or automatic 


operation as required. ... . ulletins gladly mailed upon request. 


PANGBORN CORPORATION 
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By C. R. Austin 
Consulting Metallurgist, 


State College, Pa. 


HERE are but few metal products on the 
market which have not been subjected to some 
form of heat treatment or some finishing opera- 
tion. Moreover, the term “heat treatment” has 
lately been expanded to include the surface con- 
ditioning of metals as well as the modification of 
the structure and physical properties of the alloy. 

Interesting recent developments are in the 
use of controlled atmospheres to bring about 
some required surface condition of a metal or 
alloy. Such is the case in bright annealing, gas 
carburizing, nitride hardening, and in the heat 
treatment of tool steels and gears without surface 
damage. Considerable attention has also been 
devoted to solid carburizing, liquid evanide hard- 
ching, quenching methods and quenching oils, 
ive hardening, malleableizing, and methods of 
cleaning and surfacing the finished product. 

Bright Annealing In the review of the fur- 
ice industry (page 67) considerable attention 
is been devoted to the general problem of bright 
nealing (“bright” being a term whose meaning 
dependent largely on the product under con- 

ration). A trend in this field is toward the 
of high purity gases in a closed atmospheric 
le with a purification plant. 

Close control of the gas is necessary when 
ealing low carbon steel to a mirror finish, 
con steel for its magnetic properties, and heat- 


‘OBER, 1934 


REVIEW OF ... 


HEAT TREATING 


AND FINISHING 


ing brass without discoloration. It has been 
demonstrated on a laboratory scale that stainless 
steel can be completely bright annealed in this 
manner but the conditions required are ex- 
tremely rigorous. 

The surface condition of the charge when 
introduced into the furnace is important. Thus, 
annealed cold rolled low carbon sheet has come 
mirror-bright from batch-type electric furnaces 
after the oil retained from the cold rolling was 
changed to suitable composition (mineral oil) 
and free from extraneous material. 

Ordinary “bright anneal” of mild steel and 
copper is relatively a simple operation. Embrit- 
tlement of copper by hydrogen is completely 
eliminated by using the recently developed oxy- 
gen-free copper. 

In this section may be mentioned the new 
use of hydrogen or dissociated ammonia contain- 
ing only a trace of water vapor in the non-decar- 
burizing anneal of high carbon steels. This sub- 
ject is to be discussed in a paper at the New York 
convention of the Society. A cross-section of a 
cracking unit for dissociating ammonia is shown 
on page 70. 

Various Heat Treatments—In many in- 
stances where continuous normalizing is the ob- 
ject, slight discoloration of the surface is of little 
moment. Work of this nature accumulates 
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experience in design, the 
form of smaller furnaces in- 
stalled in fabricating plants. 
A bolt manufacturer, for in- 
stance, has a small contin- 
uous furnace for bright heat 
treating Class IIL bolts, to ex- 
acting specifications for size 
and physical properties. These 
bolts used to be box annealed 
in charcoal to avoid scaling. 
Now they are heated to tem- 
perature in an atmosphere 
which prevents scale, quenched 
through a submerged outlet 
into oil, and drawn in a cor- 
responding atmosphere. The 
result is that the threads retain 
their shape and size to 0.001 in. 
There is a slight loss in carbon 

a matter which is mitigated 
by rapid work (short time at 
heat) on mild or medium car- 
bon analyses. Another atmos- 
pheric adjustment produces a 
blued surface, sometimes 
bought because of its corrosion 


resistance. 


Brief reference must be 
made to developments in short 
evele malleableizing. More in- 
formation is accumulating on 


Gas Preparation Unit of 8000 Cu. Ft. per Hour Ca- 
pacity to Provide Correct Atmosphere for Battery 
of Box Annealers at Empire Steel Co. Sheet Mill 


the relationships between su- 

perheating in the melt, chem- 

ical composition, and heat treatment. By the 
use of controlled atmosphere scaling pre- 
vented, and the absence of packing speeds up the 
operation and the thermal efliciency.  Bell-type 
furnaces for short cycle malleableizing are now 
available to take charges from 1000 Ib. and up- 
wards, and cycles as short as 48 hr. have proved 


industrially satisfactory. 
Gas Carburizing 


Primarily gas carburizing aimed to reduce 
the time necessary for the required high carbon 
case. However, important collateral advantages 
may accrue when the surface of the work is kept 
clean and even bright, and the maximum carbon 
concentration on the surface controlled. 

While these matters are usually thought of 
in relation to the case hardening of objects to 
resist wear, carbon control has an important ap- 
plication in the final heat treatment of medium 
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and low carbon steels, where a decarburized skin 
is unacceptable. Thus, normalized low carbon 
sheet is believed difficult to galvanize with a 
“tight coat” on this account. Bright normalizing 
of sheets, when it comes, will not only avoid fina! 
pickling operation, but at the same time put back 
into the surface of the steel the small amount o! 
carbon required for successful galvanizing. This 
has already been effected in a small way un- 
der conditions simulating continuous annealing 
within a period of less than 5 min. 

Gas carburizing has received the attention o! 
inventors and metallurgists ever since it was es 
tablished that some gas was a necessary carric! 
of carbon from the packing to the work. It 's 
necessary to make only brief reference, es} 
cially since H. W. McQuaid published an arti 
in the July issue of MeraL ProGress on shop pre 
tices. He appraises it as one of the simplest lh: 
treating processes, enabling the metallurgis' 
produce cases of any desired characteristic 
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« as two important factors are followed: Uni- 
temperature and satisfactory carburizing 
It is apparently only necessary to dilute a 
carbonaceous gas with a weaker gas (such 
flue gas) to arrive at a commercial carburizer 
ich is practically fool-proof, 

Considerable success has also been had with 
ich-type furnaces where a heavy oil is dripped 
to the hot chamber, there to be gasified and 
rculated vigorously through the charge by 

neans of a fan. 

Continuous gas carburizers have been in- 
stalled at various units of Chrysler Corp. for such 
parts as steering sectors and steering worms, free 
wheeling drive shafts and camshafts. Work 
loaded in trays is pushed slowly through a muffle 
with air locks on each end. Carburizing gas 
enters with the cool work and both progress 
through zones of rising temperature. Upon en- 
tering the gas breaks down partially into its con- 
stituents, and the work is covered with a light 
deposit of carbon. As the work and gas move 
slong to a hotter region (16507 F.), the carbon 
dioxide becomes an active carrier of this carbon 
and it enters the steel surface rapidly. Finished 
work comes out scale-free, but blue or black in 


color. 


Solid and Liquid Carburizers 


Sentiment among metallurgists in the auto- 
motive industry appears to be that gas carburiz- 
ing is to be the next change in heat treatment 
departments where they have enough produc- 
lion so that furnaces can be adjusted to single 
parts, or to a few similar shapes. Replacement 
of existing types of continuous counterflow fur- 
haces using pots and solid carburizers will have 
to be warranted by saving in supplies and equip- 
inent, savings in labor for packing the boxes and 
handling them and the carburizer, and a heat 
saving in a reduction of gross material being 
heated, 

Enthusiasm for a new development should 
iof make us lose sight of the fact that the pack 
vardening process is still the one which is car- 
hurizing the parts!) With proper steel, a uniform, 
vell made compound, proper furnace and box 
quipment, and good pyrometer control — all of 
‘hich having been developed to a high degree 
' excellence — accurate results in depth and 
irbon content can be obtained by simply run- 
ig on a time and temperature cvcle. 

Competition from a new process will also 
cite the promoters of the older methods to 
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study and improve their product. The compara- 
tive excellence of today, in relation to a decade 
ago, is no indication that the limit of efficiency 
of solid carburizers has already been attained. 
Auxiliary improvements have been made in spe- 
cial carburizing boxes, closely conforming to the 
shape of the work and holding a minimum of 
compound, Production of steels which resist 
grain growth to very high temperatures may also 
permit the use of correspondingly high tempera- 
tures in carburizing, and an associated saving in 
time. Some data are available to indicate that 
powdered ferrosilicon, incorporated in the gran- 
ules of carburizer, prevents the hyper-cutectoid 
cases Which otherwise result from high carburiz- 
ing temperatures. 

Some interesting studies on the nature of the 
cevanide case and the desirable bath compositions 
have been printed by D. A. Holt in Merar Proc- 
kESS in October, 1931. He finds that the various 
S.A.E. alloys absorb considerable nitrogen but 
relatively litthe carbon; this occurs very rapidly, 
even in 15 sec. This nitrogen is held in the surface 
layer within a few thousandths of an inch, and 
he believes that it is responsible for the character- 
istic wear resistant surface. At any rate, gear 
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makers are almost unanimous in their belief 
that oil quenched gears should preferably be 
quenched from evanide. An almost infinite va- 
riety of parts made of screw machine stock, low 
carbon steel, and medium manganese steel are 
held in molten cyanide for a proper time and 
quenched to develop a hard and wear resistant 
surface, 

New liquid carburizers are on the market 
which are said to introduce carbon, without ni- 
trogen, into the steel at a very high rate — acting 
in one-third the time required for pack harden- 
ing. An essential feature of one of these is a 
compound containing amorphous carbon which 
floats on the surface of the bath, protecting it 
from oxidation. Such rapid baths should not 
deteriorate with use, and should be capable of 
“sweetening” by minor additions — this is where 
rapid carburizers, promoted in the past, have 


failed. 
Outlook for Nitriding 


Nitriding, the production of a hard surface 
by heating steel at moderate temperature in am- 
At that 


time it seemed that the cconomies inherent in a 


monia, was the topic of the hour in 1930, 


non-warping, low temperature heat treatment, 
without quenching, would result its wide- 
spread adoption for wear resistant parts, espe- 
cially since the hardness of the surface was so 
great as to be virtually unmeasurable with stand- 
ard test apparatus. 

As so often happens, rosy anticipations were 
unfulfilled; in) production some matters arose 
which were not so favorable. In the first place, 
the atmosphere is too expensive to waste, and 
trouble was experienced with the high alloy con- 
tainers. Furthermore, the best surface conditions 
were attained by a patented alloy steel which 
did not match the numerous other manufactur- 
ing qualifications of the familiar S.A.E. steels. 
These problems are being surmounted, and stud- 
ies indicate that ordinary steels and even some 
of the cast and malleable irons, can be success- 
fully nitrided to a glass-hard surface, so it is rea- 
sonable to believe that present uses will expand 
in the future, somewhere approaching the pop- 
ularity of the process in Europe. 

Meanwhile two special processes have been 
patented and exploited. One subjects ordinary 
low carbon steels to active nitrogen led into a 
salt bath, followed by quenching. 
process subjects the molybdenum, chromium, or 


The second 


chromium-vanadium steels to activated nitrogen 
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at low temperature in a pressure-tight conta 


producing quickly a hard case without a qu 
Heat Treating Tool Steel 


It has long been understood that atmosph 
conditions must be controlled very accurately 
on account of the effect on the quality of carbon 
tool steels. The relation between these somew})a! 
intangible matters is being indicated by data o! 
tained in tests due to Vice-President Shepherd 
of the American Society for Metals on penetra 
tion-fracture and by Messrs. Luerssen and Green 
(The latter report that 
the correct drawing temperature for maximum 


on torsion impact. 


toughness increases with increase of quenching 
temperature and decreases with increase in 
drawing time.) 

The effect of various furnace atmospheres 
on the toughness of brittle timbre steels is very 
marked, while tough timbre steels are but litth 
affected. “Timbre” is described by Mr. Shepherd 
as the inherent property of a tool steel independ 
ent of analysis, which influences the hardness 
penetration and width of allowable quenching 
range. It would appear that by such penetration 
fracture tests we are on the point of getting som 
measuring stick for accurately appraising th 
performance of tool steels in severe service. 

As regards high speed steel, studies by Sam 
Tour indicate that the microstructure is mat 
riallv affected by the oxygen and carbon monox- 
ide content of the furnace atmosphere during 
heat treatment. He believes that unless very 
careful afmospheric control is obtainable, 2100 
F. is too high for hardening; 2360° F. is better 
for the furnace atmospheres commonly met 
Hardening from the higher temperature in con- 
trolled atmosphere undoubtedly produces a bet- 
ter tool, as far as the cutting properties are con- 
cerned. This fact is of special value in formed 
tools like milling cutters. 

In recent years there has been a_ rational 
adaptation of the tool maker's “reducing atmos- 
phere” (fuel gas burned with insufficient air) to 
modern practice on high speed. steels, carbon 
steel tools and die steels. Such tools are satis 
factorily heated in a hearth furnace, heated wit! 


s 


silicon carbide rod resistors, or in muffle furna 


red 
In any case a measured 


externally fired with gas. 
amount of correct gas-air mixture is introduced 
into the furnace near the door, filling it wit 
reducing atmosphere and protecting the 
from an inrush of air when the door is ope! 
These furnaces were proposed primaril) 
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rol the amount of scale, but it appeared that 

speed steel so heated resisted grain coarsen- 

due to overheating. One so heated makes a 

er all-round tool than one heated an equal 

and just as hot in a scaling atmosphere. 
(his inhibition of grain growth is probably due 
to carburization of low carbon regions in the 
steel, dating back to the ingot, thus removing or 
suppressing the gradients in composition which 
promote rapid grain growth. 

Another batch-type of furnace, for carbon 
steel tools and dies, which is finding favor, is 
adapted from a well-known method of hardening 
to give the workman triple control of furnace at- 
mosphere, rate of heating, and quenching tem- 
perature. This method of heat treatment de- 
pends on quenching from the proper tempera- 
ture as related to the critical point, measured as 
the steel is being heated for quenching. To it 
has been added a cracking unit for introducing a 
carbonaceous gas into the chamber, and a definite 
program control for rate of heating. This pre- 
vents scaling, pitting, and decarburization of the 


steel; correct heating rate also minimizes the 
amount of dimensional change and warpage. 

A new bell-type retort furnace has flexibility 
of use as the main feature, since it may be 
adapted for carburizing, nitriding, hardening, 
normalizing and tempering. Another batch fur- 
nace has an oil vaporizer attachment, which con- 
verts oil fuel to gas fuel, for more accurate regu- 
lation at the burner. 

Completely distinct from the above heat 
treating equipment is a new gas-fired continuous 
furnace for heat treating in a gas atmosphere. 
This is also a multi-purpose furnace, since any 
desired atmosphere can be carried in the muffle. 
A reciprocating hearth may be flat or grooved to 
the work; it acts as a conveyor itself, inside the 
furnace at all times and therefore heated only 
once. When a continuous operation is desired, 
the forward stroke of the hearth is interrupted 
suddenly, and the work advances jolt by jolt 
through the furnace by its own momentum. For 
quenching, work is discharged through a chute, 
sealed in the quenching fluid. 


Pyrometric Control and Record Is a Prime Requisite of the Modern 
Heat Treating Plant. View taken at Brown & Sharpe, Providence, R.1. 
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Quenching Methods 


In heat treating for annealing or softening, 
the resulting structure depends largely on the 
way in which the steel is heated, on the maxi- 
mum temperature utilized, on time at tempera- 
ture, and on the nature of the surrounding at- 
mosphere. However, where the work is to be 
hardened, the quenching operation may play an 
equally important role in modifying the final 
structure. It is therefore to be anticipated that 
investigators are continually analyzing the effects 
of modified forms of quenching on the proper- 
ties of the hardened part and studying the nature 
of the hardening process. 

An excellent correlation on the mechanism 
of heat transfer on quenching is given by Howard 
Scott in the July Transactions of the American 
Socicty for Metals. 


ing quenching liquids, progresses three 


He shows that cooling, dur- 


stages distinguished by the mode of heat trans- 
fer from the metal surface to the surrounding 
material, 

Particular attention has been focused on the 
effects of modified forms of quenching on the 
structure and physical properties, by the remark- 
able series of papers published by E. C. Bain and 
his collaborators in United States Steel Corp. Re- 
search Laboratories. These papers deal essen- 
tially with the rales at which austenite trans- 
forms into ferrite and carbide at temperatures 
underneath the critical point, and with the ef- 
fects of this delaved transformation on the prop- 
erties of the steel. 

In an article by H. Diergarten and another 
by LL. 


last vear, information is available on what has 


Daasch, published in Merat Progress 


been termed “graded hardening” or “interrupted 
hardening.” Diergarten, writing from Germany, 
quotes some studies on a nickel-chromium steel 
(approximately S.A.E. 3340) cooled fairly rapidly 
down to various sub-critical temperature zones 
where austenite transforms into pearlite, mar- 
tensite, or an intermediate structure — and hold- 
ing there for various periods before further cool- 
ing or reheating. On the basis of his results, 
graded or interrupted heat treatments are recom- 
mended according to one of three structural con- 
ditions desired, (a) a pearlite anneal, (>) a 
quenched and tempered structure or (¢) a hard- 
ened structure. 
Thus, in graded annealing to pearlite it is 
proposed to cool rapidly into the intermediate 
zone and then reheat to and hold in the pearlite 


zone. In graded quenching and tempering the 
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required tensile properties can be obtained \ 
out entering the martensite zone with all its , 
ger of internal cracks, for the complete tro .s- 
formation takes place where the steel is |} 
enough to yield plastically to the associated 
ume changes. “Interrupted hardening” give. 
uniform hardness throughout the piece, and cay 
be utilized by users of low alloy steels for )y9- 
chines and for engineering purposes.  Straicl} 
carbon tool steels do not respond to this method 
of hardening if file hardness is required, but satis- 
factory results have been obtained with high 
speed steel. 

Daasch discussed the mechanical propertics 
on three steels treated by the orthodox method of 
quenching and by what he terms “hot quenching” 
methods — that is, by plunging the heated steel 
directly into a quenching bath at drawing tem- 
peratures. The steels studied included a_ plain 
carbon, a nickel-chromium, and a carbon too! 
steel. For equal tensile strengths, the hardness 
and ductility values of bars are slightly 
lower after hot quenching than after an oil 
quench and draw; similar tensile properties may 
be obtained by either method. The point is made. 
however, that hot quenching should prove mor 
cconomical than the double treatment of quench- 
ing and reheating. 

Davenport, Roff, and Bain discuss the effects 
and elimination of microscopic cracks in hard 
ened steel in an important paper in April Trans 
actions. Their studies are the outgrowth of the 
previously mentioned work on the rates of trans- 
formation of austenite, and their results depend 
on the use of the “hot quenching” method (to uss 
Daasch’s terminology) at temperatures above the 
martensitic transformation. The steel is perm! 
ted to remain in the quenching bath long enougl 
for all the austenite to transform, and such prod- 
ucts of direct austenite transformation in the 
zone above about 500° F. are free from minut 
cracks. Many carbon steels, after the conven- 
tional quench, exhibit intragranular cracks across 
the needles of the martensite —as_ discovered 
by F. F. Lucas some vears ago. These are no! 
obliterated by tempering, and are reasonal)!) 
associated with the low impact values to be © 
pected in drastically quenched steels. 

The facts brought out in these papers g!) 


rational explanation of the difference in quai'!s 


between wire made by the “new process” an 


the “old process” of patenting, different on! 
that the rod is quenched in molten lead in 
one and air cooled in the other. 


Reference should also be made to thy 
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ial stress heat treatment discussed by C. W. 

s before the Buffalo Convention. Aging 

on cast steels previously quenched just be- 

the critical point show a large increase in 
vicld point, tensile, and hardness without much 
joss of ductility. 


Cleaning and Rust Preventing 


rhe subject of descaling of forgings has re- 
ceived much attention. Conventional methods of 
scale removal have relied upon variations of two 
main ideas— abrasion by tumbling or blast 
cleaning, and solution by pickling and electrol- 
ysis. Improvements in equipment have been 
such that it can be introduced into the produc- 
tion line without danger of creating a dust or 
fume nuisance, 

Small forgings which are handled may be 
tumbled in a: barrel containing hardened stain- 
less steel stars; when rotation is reversed, the 
work is automatically discharged and the stars 
separated and returned to the cone surrounding 
the screen. Such a barrel may be used either 
for dry tumbling, or with sand and water for 
removing the scale, or may be modified to tum- 
ble the pieces in dilute sulphuric acid. Two or 
three different systems of electrolytic cleaning 
have also been promoted. 

For scale removal from any size or shape of 
heat treated parts many prefer blast cleaning 
with steel abrasive. The operation is fast and, 
in properly designed equipment, dustless, so it 
can be located in any production line. Blasting 
time can be quickly altered to handle hard or 
soft, tight or loose scale. Since all scale is re- 
moved, the metal takes a dull silver finish which 
shows up any checks or cracks, good for inspec- 
lion, and free from any deposit that would retard 
culling speed or destroy tool edges. 

Numerous liquid removers for removing ma- 
chine oil from parts before plating or assembly 
ire now available; most interesting of these are 
the volatile, non-flammable solvents. 

Finally, attention should be directed to de- 
‘clopments in materials used to preserve the 
surface condition of metal when placed in serv- 

lo the conventional slushing compounds 

ve been added liquids which may be applied 
»rushing, spraying, or dipping, and which will 
lo an elastic and lustrous finish. It is claimed 
these new coverings possess several times the 

Stance to corrosive elements which is given 

rdinary ready-mixed paints or so-called acid 


sting paints. 
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eee OR twenty-three 
years we have supplied materials, equip- 
ment, and testing instruments to the op- 


erators of steel treating departments. 


We are proud of the high quality of our 
products and of the confidence which 


our customers have in us and our service. 


Their confidence has doubled the num- 


ber of our customers since the depression 
began in 1929. 


Everything for the hardening trade. 


The CASE HARDENING SERVICE Co, 


2281 SCRANTON RD. CLEVELAND 


/ / / 


SHRINKAGE 


ON WORKING MIXTURES 


CARBURIZERS 


CHAR PRODUCTS COMPANY 


MERCHANTS BANK BUILDING INDIANAPOLIS 
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RE you able to say that your pick- 

ling room is operating efficiently 

... that your acid consumption and over- 
all costs are at a minimum? 


If not, consider the use of Grasselli 8 
Liquid Inhibitor and in connection 
with its use, Grasselli Steel Service. 


Each represents a valuable aid 
to your pickling operations. The 
cost of Grasselli 8 Liquid Inhibitor 
averages from Ic to 2c per ton 


GRASSELLI... THE ANSWER TO YOUR PICKLING PROBLE 
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of material pickled. THERE IS NO COST 
for the use of Grasselli Steel Service. 


GRASSELLI STEEL SERVICE 


Not a name but a complete all-around 
laboratory and plant pickling service ... 
maintained for the purpose of servicing 

our products and your problems. 


We ask you to make use of it. 
Write for Interesting Booklet 


y THE GRASSELLI CHEMICAL CO. 


INCORPORATED 


Founded 1839 CLEVELAND, OHIO 
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HOLDEN HARD CASE 


| EFFECTIVE PENETRATION RATES 
| 


Rapid 


15 004 .006 


Effects 


Time Depth of Case 


30 018 .025-.032 
2 00 .022 


SAVINGS 


ia: aa; Holden Hard Case is used as received. Additions are required 
only to maintain the level of your pot. Should you treat enough work to use up 10 pounds a day; 1 Ib. 
each hour keeps carbon concentration at maximum point for rapid penetration. 
ASt! At 1600°F to 1650°F the case produced is 1.00 carbon with 0.18-0.20 
Nitrogen. At 1550°F carbon .90 with Nitrogen 0.25. Result: Pieces treated in Holden Hard Case 
have harder wearing surface, plus no embrittlement of the core. It gives you a piece that will stand 
greater impact without breaking. 
0N: Holden Hard Case acts as an agent to prevent rust due to a small 
generation of lime in process. It does not absorb moisture from the atmosphere. A lump of Holden 
Hard Case exposed to the air disintegrates into a fine dry powder. 


UIPMEN New Equipment is not required to use Holden Hard Case. Your present 
cyanide or lead pot can be used. 


A. F. HOLDEN COMPANY. New Haven, Conn. 


L K N 4. F. HOLDEN COMPANY. Vew Haven, Conn. 


Gentlemen: Please send NEW Bulletin on Holden Hard Case. 


HARD CASE 
Liquid 


Carbonizer 
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Ease in Operation 
Ease in Control 
Simplicity-Flexibility 
Economy- Quality 


IN 


{ Battery of Large Rotary Retort Gas Carburizers 


FURNACES - CARBURIZERS 


HEATING MACHINES 


Continued research and development by American 


Gas Furnace engineers enable us today to supply fur- 
nace equipment with performance records never be- 
fore thought possible. . ..Gas carburizing, nitriding, 
bright annealing and similar processes may be carried 
out in our equipment with superior results. .... In 
fact, any one of these processes can be carried out in 


various styles of our equipment. 


I ertical Retort Gas Carburizer 


It may also be used for Nitriding, Bright 


Innealing, Rehardening, ete. 


W rite for 
Complete 


Details. 
Don’t fail to visit us at the Reciprocating hearth 
National Metal Exposition continuous heating machine. 
. supplied with a full muffle for controlled atmo» 
Industrial Gas Section. phere heat treating. 


American Gas Furnace Co. 


Main Office and Works: Elizabeth, New Jersey 
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for these . . consider these 
HEAT-TREATING REQUIREMENTS. . HEAT-TREATING CHEMICALS 
Case Harpexive—To produce a wear- and abrasion-resisting * For Making Up Heat-Treating Baths: 
race on an inexpensive low carbon steel possessing machine- Cyanide-Chloride Mixture, Sodium Cyanide 45°. 
jlity, ductility and toughness. 
* For Making Up and Replenishing: 
Cyanide-Chloride Mixture, Sodium Cyanide 75°; | 
Reneatinc—To increase resistance to wear of high carbon 
steels by heat-treating of carbon, and secondarily For Replenishing: j 
by introducing nitrogen into the surface. Cyanece*—Du Pont Sodium Cyanide, minimum strength 96% ¥ ; 
molded in the form of eggs weighing approximately L ounce each i 
* Nerripinc— To produce nitride hardness in suitable alloy steels * For Reheating: 7 
by introducing nitrogen into the surface. Du Pont Case Hardener, Sodium Cyanide 3067, i ‘at 
—— 
4 
* Hear TREATING AND CoLoRING OF STEELS * Du Pont Heat-Treating Salt Now | (Working Range 300 
1100° F.) 
Du Pont Heat-Treating Salt No. 2 (Working Range 450 
1200° F.) 
LITERATURE AVAILABLE: 28-page technical book: 
“Manual for Heat-Treating Steels with Du Pont Cyanides and Salts” 
for these .. consider these : 
PLATING REQUIREMENTS. . PLATING CHEMICALS 
* Rust-Proofing Steel Surfaces Duozinc*—A zine-merecury product and process 
‘ 
* Attractive, Precious-Metal Finishes Du Pont Gold and Silver Cyanides 
* Durable, lasting deposits of Copper, Brass, Bronze, or Zine Du Pont Copper Cyanide and Zine Cyanide 
e 
* Thick deposits of Tin Du Pont Sodium Stannate and Sodium Acetate for Alkaline 4 rz 
hlectrotinning 
LireRaTURE AVAILABLE: 
“Operating Manual for Rust-Proofing Steel Surfaces by Duozixne Plating” 2 
“Kor Gold and Silver Plating Use Pure, Dependable Du Pont Precious Metal Cyanides” ‘ 
“Operating Manual for Copper . . . Brass... Bronze... Zine P lating with Du Pont Copper and Zine Cyanides”™ 
*Reg. U.S. Pat. Off. i 


One of our representatives at the Metal Show will be glad to F 
HEAT-TREATING and 
PLATING CHEMICALS 


Ar 4. on display at the National Metals Exposition and Congress 
| in New York, October 1-5 4 


The R. & H. Chemicals Dept. ___ BOOTH Ne. 270 


E. |. pu Pont pe Nemours & Co., Inc. | e 
Wilmington, Delaware 


District Sales Offices: : 
BALTIMORE BOSTON CHARLOTTE CHICAGO | 
CLEVELAND KANSAS CITY NEWARA } 
NEW YORK PHILADELPHIA PITTSBURGH SAN FRANCISCO — 4 
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REMARKABLE 
ACHIEVEMENT 
CARBURIZATION 


A GREAT 
FORWARD STEP 
\N THE SCIENCE OF 
CARBURIZING 
tested and 
commercially 


PERLITON 


This book tells the story — write for it! 
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PERLITON 


CARBURIZER 


Answering the need for a rapid and 
controllable carburizer for small parts 


Pioneering again! This time to obtain rapid 
carburization at high speed and lower cost, with 
dependable uniformity 


The Houghton Research Staff has been respon- 
sible for many developments over past years in 
the heat treatment of steel. The products it has 
developed cover the whole range of the industry. 


In recent years the element of speed began to 
play an increasing part in carburization of small 
parts. It has been said before that Necessity is 
the mother of invention and that Research is the 
father; so again it is true that research, trial 
and test have been applied to produce a quicker, 
surer method of carburizing small parts to meet 
production schedules. 


Now, after two years’ work to prove the process 
in practice, we announce Houghton’s PERLITON 
Liquid Carburizer! 


Mail this today- 


SEE OUR EXHIBIT 
BOOTH No. 110 
NATIONAL METAL EXPOSITION 
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Among its advantages are: 


Uniformity in depth of case and carbon content. 
Low cost of carburizing per ton of steel. 
Longer pot life. 

No decarburization. 

Non-hygroscopic. 

High thermo-conductivity. 

Lower consumption than any liquid salt medium. 
Thermo-couple protecting tubes last longer. 
Carrying-away losses are remarkably small. 


This process removes the objections of pack- 
hardening— less expensive, with the same uni- 
formity throughout the pot. Two materials are 
used: Houghton’s Perliton Liquid Heat and 
Houghton’s Perliton Carbon. 


We have prepared a book for metallurgists, pro- 
fusely illustrated with microphotographs and 
graphs; the coupon below brings it without 
obligation. May we send you a copy? 


E. F. Houghton & Co. “Pp 
240 W. Somerset St., Phila., Pa. 


I would like a copy of your booklet on **Perliton.” 


Name 

Company. 

Address . 
State 
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Hundreds of parts formerly made of 
expensive alloy steels are now made 
of low cost steels —Chapmanized for 
equal surface durability. The chart be- 
low shows typical Brinell hardness 


curves plotted against depth of case 


The CHAPMAN 
MANUFACTURING CO. 
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1100 Brinell 


Metallurgists and designers are making extremely profitable use of 
Chapmanizing, the new surface hardening process: 

Parts made of inexpensive low carbon, free machining steel and 
Chapmanized can now be substituted for many high cost alloy steel 
parts—with no loss in performance. 


Chapmanizing costs less than ordinary case hardening, produces 
surfaces that outwear carburized surfaces 9 to 1. 


Chapmanizing produces a case of any required depth from .002"’ to 
.030''—imparts hardness ranging from 700 to 1100 Brinell — with 
constant uniformity. Hard as it is, the Chapmanized case is ductile. 
It does not chip, flake, crack. Remarkable in its results, Chapman- 
izing is nevertheless a simple, quick and inexpensive process. 

You can do Chapmanizing in your own plant by having a unit in- 
stalled on a contract basis; no capital investment is required for the 
unit and no additional equipment is needed beyond the usual heat- 
treating set-up. Or you may send parts to Indian Orchard, have them 
Chapmanized to your specifications and returned within 24 hours. 


Call at Booth 472 at the National Metal Exposition; see how other 
manufacturers are lengthening the life and reducing the cost of their 
products by Chapmanizing. Or send the coupon for your copy of 
this new book — it contains facts which many manufacturers have 
turned into money. 


The Chapmanizer unit — heart of the 
new process that is revolutionizing 
surface hardening. Installed in your 
plant without capital investment. 


Gentlemen: 


Mr. 
Company 
Mail the coupon today for Address 
: your copy of this new book City_ 
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THE CHAPMAN VALVE MANUFACTURING CO. 
INDIAN ORCHARD, MASS 


Please send me a copy of your new book 
on Chapmanizing. 


Title 


State. 
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LEADS 


IS this 


REASONABLE...? 


With your Chromel-Alumel couples, if you are 
using /ead wire of any composition, other than 
that of the couple, your temperature readings very 
likely are wrong. . . . . If the lead wire differs 
in composition with the couple, it means that 
where they join, you have two more thermo- 
couple junctions. When heated, they generate 
K.M.F.’s of opposite, but unequal value. Their 
difference in value is what causes the error. On 
the job, of course, these junctions are heated, by 
radiation from the furnace. Often they are very 
hot. If the junctions happen to be at 200° F., it 


usually means an error of more than 10° at the 


HOSKINS 


CHROMEL-ALUMEL 


meter . . . . . . You eliminate this source of 
error by using Chromel-Alumel Leads with your 
Chromel-Alumel Couples. Then, you join Chrome! 
to Chromel, and Alumel to Alumel. Where they 
join, no disturbing E.M.F.’s exist. This is why 
such concerns as General Motors, Ford and 
American Rolling Mill use Chromel-Alumel Leads 
with Chromel-Alumel Couples. Isn't it reasonable 
that you demand, and get, that same accuracy in 
your pyrometer system? This subject is fully 
explained in Folder G.O. on a basis of factual 
tests and figures. Send for it. Hoskins Manu- 


facturing Co., Detroit, Michigan. 
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ESTING 


and CONTROL INSTRUMENTS 


TABLE OF CONTENTS a 


PYROMETRY AND CONTROL... 117 


Despite steady improvements in thermocouples, 
the recording system outstrips them in ac- 
curacy . . . Control has also been developed to 
8 point where temperature can be held steady, 
without ‘‘hunting’’, despite changing demands 


for heat... 


TESTING EQUIPMENT .. .. 123 


Microscopes, both for plant laboratory and ad- 
vanced research, have been better adapted to 
requirements . . . X-ray equipment and spectro- 
scopes are coming into more general use. . . 
Mechanical testing equipment, portable or 


highly specialized, is now the rule... . 
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THAT KNOWS SLUMP 


are you keeping up with it 7 


Since 1929, when the business curve slumped into a valley, the 


Large Littrow Spectrograph 


development curve has climbed steadily upward. It is this develop- 
ment of new products and improvement of old products which help 
to pull the business curve upward for those who possess imagination 
and foresight. 
Now that business is picking up, the products which will sell are 
those that are the best from the standpoint of materials and design. 
The Bausch & Lomb instruments shown herewith for examining 
and analyzing metals are necessary to enable you to gain or maintain 
leadership. They will help you get your share of future business. 
Start your curve of development upward and your business curve 
will follow. Investigate these B & L instruments for the metallurgist. 
Write to Bausch & Lomb Optical Company, 638 St. Paul Street. 
Rochester, New York. 


See these instruments at the National Metals Exposition 


Booth No. 350 


FOR YOUR GLASSES, INSIST 
ON 8 aL ORTHOGON LENSES 
“AND 8 aL FRAMES 


WE MAKE OUR OWN GLASS 
TO INSURE STANDARDIZED 


Density Comparator 
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TEMPERATURE MEASURING 


AND CONTROL EQUIPMENT 


HEN one considers the art of heating 

materials in process, it is immediately 

apparent that the present status is 
based on equipment for the accurate measure- 
ment and control of temperature. Of course, 
“control” also involves efficient fuel burners or 
electric resistors, and adequate furnace or oven 
design; with these a good job can be done manu- 
ally — that is, good as judged by standards of the 
last generation. But the demands today are 
for accurate and uniform heat treating opera- 
tions, regulated with a precision which requires 
sensitive and rapid-acting automatic equipment, 
all but human in its reactions to changing condi- 
lions in the ovens, tanks, and furnaces. 

It results, therefore, that progress has been 
steadily toward more accurate and more rugged 
lemperature measurers, and toward more sensi- 
live and quicker acting equipment for control- 
ling the temperature and preventing it from fluc- 
tuating from a previously set program. In a 
word —— better pyrometers, more accurate record- 
ers, and almost-human control devices. 


Thermometers and Pyrometers 


No changes in the principles underlying 

pyrometry have taken place in a long time 
ney were well known to physicists in the last 
ntury., In the application of these principles, 
wever, mechanisms have been devised and re- 
ed in design as there has come about a better 
derstanding of the capabilities of cach meas- 
he method. 

For instance, the mercury or alcohol ther- 

meter, while excellent for an indicating de- 
at the spot, became a practicable instrument 
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to drive a recorder with the development of stain- 
less steel bulbs and capillary, and special steel 
helices, capable of resisting the high bursting 
pressures thrown into a closed system by the ex- 
panding liquid. They are now giving good sery- 
ice up to 11007 
are satisfactorily recorded by a gas thermometer, 


Temperatures up to 8007 F, 


in itself a device known for a long, long time. In 
this, a metallic bulb of considerable volume is 
filled with nitrogen, say, and a capillary tube 
leads to a helical coil made of thin-walled rec- 
tangular tubing. Any gain in heat at the bulb 
increases the pressure in such a closed system, 
and causes the helical coil to unwind proportion- 
ally. This moves an attached pointer with so 
much force that recording pens and electrical 
contactors may be moved without great impair- 
ment of accuracy. Such equipment can be made 
more sensitive in a narrow range of expected 
operation (as, for instance, in lacquering and 
drving ovens) by partly filling the bulb with some 
liquid which boils at temperatures just below 
the operating range. Pressure of vapor rising 
from this liquid increases sharply with tempera- 
ture and therefore produces large movements 
of the indicating needle with small fluctuations 
at the hot bulb. 

Recent improvements in such devices have 
to do with (a) the manufacture of the immersion 
bulb of one of a wide variety of modern alloys 
or plated metals, properly chosen, with 
use of bi-metals in the recorder to compensate 


for changes in temperature at that point, and 
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(c) with the use of modern welding and brazing 
methods for a permanently tight pressure system. 

From temperatures somewhere within this 
moderate range up to about 2200° F. the base 
metal thermocouples are well adapted and al- 
most universally used. (Rare metals are good 
up to 3000° F.) 

Accuracy, permanency, and interchangeabil- 
ity are the prime requirements for thermocouple 
wires. This in turn demands the highest degree 
of metallurgical perfection. Even after all has 


high in absolute e.m.f., and some is low. A se. sj- 
ble proposal is to use this minor production | oy 
extension leads from the “cold” junction to | \¢ 
instrument panel. Such a plan would not jp- 
crease the installation cost unduly, would remove 
occasional difficulties due to an unwitting substi- 
tution of high e.m.f. couples for median ef. 
couples, and avoid counter e.m.f.’s at “cold” junc 
tions which frequently are quite hot, and some- 
times not equally hot. 

Continual study by manufacturers of thermo- 


Woh 


No Less Than 64 Recording Regulators Are Installed on This Panel Board to Keep Tempera- 
ture and Humidity Correct in the Air-Conditioned NBC Section of Radio City, New York 


been done in the way of chemical and mechanical 
control, each spool of wire must be tested against 
a standard as to electromotive force. Then, too, 
a couple may reproduce its readings very well, 
but the e.m.f. generated may not bear the same 
relation to a standard as another couple; hence 
the absolute readings of electromotive force must 
also be within control. For this reason matched 
coils are usually classified by the manufacturer 
as to actual e.m.f. at a certain reference tempera- 
ture, and the purchaser bears this in mind when 
re-ordering, else the calibration of his indicating 
instruments will be correspondingly in error. 
As in all operations under close technical 
control, the bulk of the thermocouple wire manu- 
factured falls in a median range. But some is 
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couple wire has resulted in a corresponding i 
provement in the accuracy as to electromoliy: 
force. A German firm believes that melting un- 
der vacuum is a prime factor in high quality, 
American practice is to melt in high frequene) 
furnaces under a suitable flux. Tests on 


German wire have so far failed to indicate 
superiority. 

Permanency of thermocouple elements 
volves the matter of protection. Yet sometimes 
the very bulk of an adequate protecting (> 
defeats the purpose, for it causes too great a 8 
in the recorded temperature. A case in p) 
is the measuring of ladles of alloy just b 
casting. Fortunately the usual elements 
fairly insoluble in many molten metals, anc 
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tion can be thrust bare into the melt. In 
e corrosive alloys the wires may be protected 
, metal tube or by a refractory tip perforated 
i) two holes through which the wires are fed 


hey are consumed, relying upon the conduc- 

ty of the molten metal to form the hot junc- 

.. This matter was discussed by R. D. Bean 

\MieraL Progress in October, 1931. 
(Another plan of removing the errors due 
protecting tubes was described in July by E. O. 
Mattocks. His plan is adaptable to non-corrosive 
vas atmospheres, which are sucked through a 
hole at the very end of the tube past the hot 
junction.) 

Difliculties with immersion thermocouples 
and their protecting tubes obviously increase 
with the temperature, and steel-making opera- 
tions have therefore been forced to rely upon 
optical or radiation pyrometers. One recent sug- 
vestion by Dr. Fitterer of the Bureau of Mines has 
attracted much attention. His thermocouple is 
non-metallic, consisting of a hollow graphite tube 
with a silicon carbide rod down its center; it is 
refractory to the highest degree and the thermal 
em.f. is some 30 times that of platinum couples. 

Surface temperatures on steel in the heat 
treating range are difficult to measure correctly, 
as everyone who has tried it knows. One device 
(albeit not optical) has been used successfully 
for heat treating rail ends in track. It is merely 
a thermocouple with rugged elements set parallel 
and sharpened to a point. These points are thrust 
against the surface, breaking through any scale, 
and the hot metal forms the junction. (See 
Progress, April, 1931.) 

Another interesting device for taking the 
surface temperature of a roll in operation uses 
a thermocouple made of flat wire, butt welded, 
and stretched like a bowstring in a swiveling 
handle so the junction can be pressed against 
the roll while it is turning. Thermal e.m.f. gen- 
erated at the contact is carried by wires back to 
an appropriate indicator. 


Optical and Radiation Pyrometers 


The optical pyrometer was perfected at least 

“!) vears ago to a point where the equipment in- 
volves far less error than the uncertainties con- 
cted with the hot body itself and its surround- 
4s (such as smoke, flame, and incandescent 
ickwork). Hence there is little to report on 
's matter other than to call attention to an in- 
ilous use of spectral lines to measure the tem- 
rature of flames. Some dry salt is fed into the 
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fuel supply and the sodium line in the spectrum 
is then matched against radiation of the same 
wave length emitted from a calibrated incan- 
descent light bulb. 

“Action at a distance” is desirable also when 
the hot object is moving, as a billet entering a 
rolling mill. Operating temperatures for alu- 
minum and magnesium are also below visible 
heat; for such purposes radiation pyrometers 
have been successfully adapted. When main- 
tained with intelligent care, these devices (which 
focus heat on a thermopile, or a series of thermo- 
elements) are quite accurate and the current 
generated is suflicient to operate an indicating 
instrument, but hardly enough for controllers. 

The tardy application of vacuum tubes as 
power magnifiers was commented on editorially 
in Mera ProGress no longer ago than October in 
1931. At that time the leading instrument makers 
felt that such applications would be confined (at 
least until vacuum tubes of the accuracy and 
stability required in pyrometry became avail- 
able) to systems acting as an optical and eclectri- 
cal magnifier of some delicate mechanical move- 
ment, or to non-proportioning devices requiring 
instant response. 

Photoelectric cells have been used as “elec- 
tric eves” to interrupt a heating current when a 
rapidly rising temperature reaches a set limit. 
An instance was described in the January, 1932, 
issue, where valve stem ends, individually heated 
by current flowing between gripping dies, were 
released to fall into a quenching tank when the 
proper temperature was reached. 

A more recent application of the principles 
commented on in the above-mentioned editorial 
is the development of a photoelectric pyrometer 
for measurement of incandescent bodies (1500 
F. and up) and an electrical recorder for a radia- 
tion pyrometer, useful for ranges from 10007 F. 
up. The former consists of a photoelectric tube 
in a suitable housing which receives the radia- 
tion and transmits a proportional current to 
amplifving tubes in a panel mounting. Such 
equipment can control devices by adding thya- 
tron tubes. In the second-mentioned equipment 
the mechanical balancing of the current from the 
radiation thermopile is replaced by an optical 
system based on a mirror on the galvanometer 
needle, a beam of light, and photoelectric and 
pliotron tubes which magnify the currents so they 
can operate high-torque motor elements. 

Another interesting device is one for closing 
fuel valves the instant the flame drops (thus 


guarding against explosions of unburned gas). 
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It depends upon the fact that a flame is a slightly 
ionized gas mixture, and will conduct a small 
current, whereas hot air is not ionized by heat 
radiated from incandescent brickwork. A_ rod 
of high temperature alloy is therefore thrust into 
the base of the flame; current is carried by the 
flame to ground (some part of the setting or 
burner with which it is in actual contact). A grid 
glow tube magnifies this small current into one 
large cnough to close a relay controlling the fuel 
supply valve. If the flame drops, the current 
stops, relay opens, and the fuel valve closes. 


Recording Equipment 


A small electric voltage, or the current in- 
duced by it, is the thing which must be measured 
and indicated by the recorder. Obviously, cither 
the current itself may be measured by an appro- 
priate ammeter, or the e.m.f. generated may be 
measured by a voltmeter or a potentiometer. 
While both methods have been vigorously pro- 
moted, and careful purchasers will always select 
the twpe of equipment best suited for the par- 
ticular problem or process in hand, the trend 
has been toward the potentiometer type. 

It is perhaps superfluous to write that the 
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Small Current Passing Through lonized Gas in 
Flame ls Magnified by Vacuum Tube to Control 
Shut Off, Should Flame Drop for Any Reason 
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ammeter is a simpler device, requiring pri 


pally a moving coil and attached pointer. ‘| 
currents generated by the thermocouple ary 
small, however, that little or no extra work . 
be done by the coil, even for dragging a pen oy) 
recording paper. Auxiliary devices increase 
complexity of the recorder toward that. of 
the potentiometer recorder (which, as everyor 
knows, automatically balances the e.m.f. of | 
couple against another e.m.f. originating in a 
standardized source within the instrument). 

In the potentiometer system the trend of 
numberless improvements in detail has been 
toward more ruggedness and more accuracy. 
Registrations or control movements are made 
frequently — on the order of 20 a minute — con- 
tacting points are subject to corresponding wear, 
and clearances, even though small, wear larger. 
Efforts are continually being made, therefore, 
to climinate these sources of error, to modify the 
electrical design so that a small change in e.m_. 
at the hot junction will make a large change in 
the indicating system, and to improve the contro! 
mechanism so it will follow these changes more 
and more closely, not so much by steps of uni- 
form size, as by intervals accurately following 
the movement of the indicator. 

In all these changes the makers have sought! 
primarily to insure more certain reproducibility 
of registration corresponding to a given change 
in temperature being measured. A_ byproduct 
of this effort has been a continually increased 
sensitivity up to 0.2‘, at maximum range, con- 
siderably beyond that of the best base metal 
thermocouples in that respect. 


Controlling Equipment 


The above has had to do primarily with im 
provements in the indicating and recording sys- 
tem. In turn this has been matched by an im 
provement in automatic devices for controlling 
the temperature at the point measured (0! 
course, What is said applies with equal force to 
many other matters under accurate control, suc! 
as pressure in a hydraulic system, or CQ, in f! 
nace gases.) Frequently one finds the contro! 
system quite divorced from the measuring system 
except for a few electrical wires or a simp! 
mechanical linkage. 

The simplest control is the “on-and-off” ty) 
Take one of its most difficult: applications 
fuel-fired pot for cyanide hardening. The s 
ting, pot, and liquid contents have a large cap 
itv of heat as compared with the fixture of t 
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may be immersed in it, and changes in 
erature are somewhat sluggish. When the 
ator arm swings a set distance below the 
red temperature, a contact is closed and the 
valve opens. As soon as the inrush of heat 
vs the temperature back to a set distance 
ve the desired temperature, the first contact 
»s and the other closes, and the fuel is shut 

Actual temperature at the thermocouple 
, swings leisurely down and up within the 
e of control. 

Phere are several ways by which the on-and- 
off control can be made more sensitive. One 
s by magnifying the swing of the pyrometer 
pointer, and setting the control points closer to- 
sether, but there is a distinct limit to this type 
of refinement. One way of magnifying the swing 
is to build two supplementary thermocouples into 
the control instrument, one to get a little current 
is soon as the galvanometer needle swings below 
the desired temperature. This generates an e.m.f. 
iting in the same direction as that coming from 
the thermocouple in the furnace and swings the 
needle far enough over to open the fuel supply. 
this is done, not by the thermocouple in the fur- 
nace but by the combined action of thermo- 
couples in the furnace and in the instrument, and 
the new influx of heat rapidly brings the furnace 
back up to the upper control point and the fuel 
valve is closed. In this manner a slight over-run 
of the pointer will be quickly counteracted. 

A third modification is the use of an inter- 
ruptor--the “on” position would be reversed 
automatically to “off” after a second or two, and 
remain so until the next impulse is received from 
the indicator. If the temperature is still too low, 
the control would go “on” again for another 
brief interval. 

While the on-and-off system with some such 
refinement as noted above is usually suflicient 
for installations which do not change very rap- 
idly, the trend in modern production is to use 
continuous furnaces built with insulating fire- 
vrick — that is, to store as little heat as possible 
i the furnace itself. Temperature variations in 
such a system develop rapidly; the control must 
perate rapidly, and counteracting operations, 

‘ing rapidly, must not overshoot and cause wide 
‘Wings in temperature, or “hunting.” 

Chis undesirable situation may often be 
ided by control of “on, neutral, and off.” It 
sht be likened to an electrically heated fur- 
e with two circuits; the main circuit carrving 
“amp. would be somewhat too little to counter- 
ince radiation losses and out-take by heated 
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Some of the Stainless Steel Parts Going Into a 
Modern Temperature Recorder and Controller 


work. An auxiliary circuit carrying 10) amp. 
could then be switched on, automatically, when 
the indicated temperature fell below the required 
temperature by, say, 10°, to be switched off again 
when the temperature had risen to, say, 10 
above normal. Obviously this range could be 
adjusted by contacts which would be closed by 
the shifting pyvrometer needle. In this case the 
“neutral” position corresponds to the main cir- 
cuit, and its success depends on the condition 
that the main circuit would never furnish enough 
cnergy so the temperature in the furnace would 
continue to rise, even with the auxiliary cur- 
rent off, 

A better illustration of the on-neutral-off 
system would be a control for gas burners, where 
“neutral” represents a hand-set opening of the 
gas valves which is about right for the furnace 
and its load. If the temperature rises the valves 
close a definite amount; if the temperature low- 
ers the valves open a corresponding amount. The 


amount of change in fuel supply is, of course, a 


121 


“afl 


i 
4 ~ rt 
. 
ta 
a 
~ 
- 
. 
o 
~ 
-- 
= 


function of the way the valve ports are designed, 
and this becomes a vital factor in the success of 
such a control. It is clear that when the tempera- 
ture falls, it is necessary to over-compensate in 
order to bring it back to the desired level, and 
this over-compensation may cause some violent 
swings in temperature, or “hunting.” 

It is evident that efforts to improve the ac- 
curacy of control usually involve some means of 
reducing the heating rate as the control point is 
approached from below (and vice versa), else 
the temperature will overshoot by a_ degree 
depending on the relative thermal capacity of 
charge and atmosphere to that of the refracto- 
ries, and also by the lag caused by thermocouple 
protection tubes and muffles. An important re- 
cent development for electric furnaces, therefore, 
consists of a simple auxiliary instrument for cut- 
ting this rate of heating from the maximum to 
any desired fraction as required, without recourse 
to expensive transformers and voltage taps. It 
utilizes a mercury switch, opened and closed by 
a rotating cam; the adjustment for varying the 
heating rate moves the switch from one end of 
the cam to the other, which changes the per- 
centage of time “on” and “off.” 

“Three position control” has been extensively 
used in the place of “on-neutral-off.” In it, three 
distinct electric circuits lead from pyrometer to 
valve or heating circuit. One is completed when 
temperature is high, and puts in the minimum 
fuel supply. Another is completed when tem- 
perature is low, and turns on maximum fuel sup- 
ply. The third is completed when temperature 
is at control point, and sets the valves midway. 


Multi-Point Control 


If the on-neutral-off control gives a smoother 
regulation than the on-and-off control, a multi- 
point control should be better vet. By this is 
meant any type of mechanism, either hydraulic, 
pneumatic, or electric, which is capable of moy- 
ing the fuel valve in very small increments and 
fully open 


holding it at any point between 


or fully closed. Such a valve then becomes in 
reality an adjustable orifice. 

In one electrically driven system, this is 
effected by two motors, one of which moves the 
neutral position on the valve either open or shut 
a small but definite step for each time the py- 
rometer indicating arm is below or above the 
control setting. These corrections in neutral 
position therefore follow the trend in the tem- 


perature. A second motor, operating with the 
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first through a Stephenson link, is working si. \|- 
taneously in such a way as to hold the temp: a- 
ture on the control setting. 

This is equivalent to an automatic shift of 
the “neutral” position (equivalent to the moin 
supply of fuel for approximately uniform ope ra- 
tion) up or down, depending upon whether the 
furnace is losing or gaining heat, respectively 

Still another electrical system which operates 
from a potentiometer recorder utilizes the elec- 
trical current flowing through one or the othe: 
leg of a Wheatstone bridge to close a circuit to 
the corresponding right hand or left hand roto: 
on a single motor shaft. This motor moves the 
valve stem up or down and the shaft is also 
geared to the central arm of a balancing poten- 
tiometer placed in the circuit in opposition to 
the potentiometer in the recorder. As soon as 
these two potentiometers balance, the circuit 
to the motor is broken, and no motion starts 
until the temperature of the thermocouple again 
changes. Thus a swing in temperature in thy 
furnace resets the valve by an amount propor- 
tionate to the deflection of the primary control- 
ling device. 

Finally, a successful method of 
hunting is to move the throttling range (that is, 
the actual temperature for “on” and “off”) as 
the temperature at the thermocouple moves away 
from the desired point. This is done in a pneu- 
matically controlled system by altering the posi- 
tion of a flapper valve governing the pressure on 
the air line which operates the main fuel valves. 
and this in turn readjusts the position of the 
main valve so as to keep the temperature con- 
stantly at the desired point. 

The electrical devices necessary to effect 


avoiding 


these movements may be quite intricate, and ar 
beyond the scope of this article. The telechron 
clock, which operates on rather small currents, 
has been applied extensively, especially to actu- 
ate mercury switches on lines carrying mucl 
larger currents for motor-operated valves anc 
even heating circuits. Several manufacturers 
use compressed air for actuating the fuel and ai 
valves; a swinging wedge-shaped vane cuts of! 2 
greater or lesser amount of exhaust, and t)ius 
builds up a variable back pressure whic! 
directly translated into valve-stem positions 
action against a spring-supported diaphragm 


s 


fixed to the stem. 

It is also clear that the fuel and air va 
should be properly engineered for the typ: 
control, valves which are balanced against 1! 


nal pressures, which (Continued on page 
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OPTICAL & MECHANICAL 


TESTING INSTRUMENTS 


ICROSCOPES deserve first mention in 
any review of testing instruments, since Dr. 
Sorby’s first metallographic examination marked 
the beginning of physical metallurgy — that 
branch of the art in which consumers of metal 
are primarily interested. One can do no better 
than quote what the late W. L. Patterson wrote 
for Progress in November, 1930, on a 


decade’s advances in metallographic micro- 
scopes: 

“While the trend of the vears has been to- 
ward the Le Chatelier type of instrument, it is 
very evident that the original models (with stage 
support on one side, long unsupported tubes, 
condensers and illuminants with all kinds of ad- 
justments) would certainly not be adequate for 
present-day requirements, when the metallogra- 
pher is not required to become a trained optician 
but must have an instrument which is immedi- 
ately available for use, without tedious adjust- 
ment, 

“With the demand for higher magnifications 
ihe microscope itself required revision. The base 
and column needed to be heavier and to be 
locked rigidly to the bed so as to become in real- 
ity one piece with the camera. The stage and its 
support, formerly either one-sided or an assem- 
oly of many pieces, needed a more rigid construc- 
‘ion and less chance of springing or loosening. 

“The fine adjustment, which formerly moved 

‘ec entire stage and specimen, was the greatest 
‘use of trouble because the weight of these parts 
‘s too much for the delicate motion required. 
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For this reason, the present-day instruments 
carry only the small weight of the objective on 
this screw thread. The result is that in addition 
to being able to obtain an extremely sharp focus 
upon the ground glass, the instrument will not 
sag out of focus over a long period of time. 

“Another great time-saver available to the 
present-day metallographer is the permanent 
adjusiment of vertical illuminator and condens- 
ers, and the fixed relation of the parts to each 
other, thus enabling the operator to give all of 
his time to the study of the metal under consider- 
ation.” 

These principles were carried to their logical 
conclusion in the very fine equipment built for 
the Cadillac laboratory, and described in Mera 
Procress in August, 1932. This instrument was 
designed for production, and all details were ar- 
ranged to relieve the operator of muscular and 
ocular strain. These matters include binocular 
microscope (and head rest) for general survey of 
the surface, vertical objective with filar microm- 
eter which can be put into action by simple 
movement of a lever, wrist rests for stage and 
focusing controls, a small electric light for illu- 
minating verniers, rotating stage plate for hold- 
ing specimens “straight up” during examination, 
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New Objectives Reveal Particles About 200 to 300 Atom Diameters. 


Both magnified 4000 


diameters; identical specimen of chromium-iron alloy (low carbon) oil quenched from 
1750 F., then heated for 1 hr. at 1450 F., and air cooled. Left taken with 140 NA apochro- 


matic objective, right with 160 NA mono-chlor-naphthalene objective. 


(FP. F. Lucas 


and a “Point-O-Lite” incandescent bulb for light 
source. Whereas two or three hours at most was 
the longest time a metallographer could work 
uninterruptedly at old equipment, with the new a 
normal day’s work could be done without undue 
fatigue. 

The matter of illumination has been given 
much attention, not only because an unsteady 
light source is a nuisance, but also because a cor- 
rect lighting system has so intimate a relation- 
ship with the performance of the machine as a 
microscope. W. Zieler, in an interesting article 
in Merat Progress in January 1933, describes a 
method (which he calls “darkfield illumination”) 
adapted from bacteriological work. Instead of 
using a prism or plane glass reflector in the 
microscope tube, an annular mirror is used which 
directs a cylinder of rays surrounding the axis of 
the microscope and outside its lens system. These 
ravs enter a massive spherical lens which di- 
rects them against the object at a high angle, as is 
necessary to get there beneath the lens on the 
objective. None of this light is reflected up 
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through the microscope from a truly plane sur- 
face only that light which glances from thy 
surface relief. The result is that such irregular- 
ities as the finest carbide particles stand out as 
intense points of light against a black ground, 
irrespective of their color. Since the microscope 
lenses are used only for magnifying (and not fo! 
the combined job of magnifying the image and 
illuminating 
amount of haziness due to internal reflections. 


condensing the rays), certain 
which has a disturbing influence upon the con 
trast of the image obtained with vertical illu- 
mination, is eliminated. 

Another interesting possibility in increasing 
the usefulness of metallography other than }) 
mere magnification is by the use of reflected 
polarized light. A system especially designed !0! 
opaque specimens is now available, and should 
be valuable, especially in the study of 
metallic inclusions. 

Francis F. Lucas, the eminent metallograp 
and microscopist with Bell Telephone Lab: 
tories, has also contributed to the advancemen! 
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art by the design of a new precision micro- 
pe. It includes no new fundamental prin- 
les. but rather uses the available optics most 
ciently. Higher magnifications have been the 
-le for some years — frequently, however, these 
we been made by bellows extension on the 
mera end, and show little if anything that an 
tent study of a lower power view would not 
eveal. Better resolution of the fine structure 
has now been achieved by use of shorier wave 


lengths, properly selected according to the color of 


the details searched for, by the use of objectives 
of high numerical aperture corrected for domi- 
nant wave lengths in the selected light, by the 
proper preparation and etching of the specimen, 
and by a rigid unit capable of photographic ex- 
posures up to 30 min, without vibration or creep 
in the adjustments. 

This equipment was described in a paper be- 
fore the Detroit Convention, American Society 
for Metals, in 1933. It includes an objective of 
1.60 numerical aperture for use with mono-chlor- 
naphthalene as an immersion fluid. Its capabili- 
ties -— in comparison with the best that could be 
done at the same magnification (4000) with an 
apochromatic objective of 1.40 numerical aper- 


ture — are shown in the accompanying views of a 


Torsional Impact Machine for Hard Steel, here- 
in a Round Specimen Is Suddenly Twisted to 
Failure by Engaging a Rapidly Rotating Flywheel 


Estimating Chemical Analysis by the In- 
tensity of Prominent Lines on a Spectrograph 


— 


CTOBER, 1934 


specimen of 13°. chromium-iron forwarded by 
Dr. Lucas, and first published in Journal of the 
Franklin Institute, June 1934. Heat treatment 
was such that a secondary constituent has been 
precipitated and accumulated into isolated par- 
ticles of 200 to 300 atom diameters. 

One cannot exactly specify by what per- 
centage the 1.60 N.A,. objective increases the reso- 
lution. It has produced for the first time in the 
history of science a crisp brilliant image of ex- 
tremely small particles. If the specimen is photo- 
graphed on the same equipment except with an 
apochromatic objective of N.A. 140, the par- 
ticles are only seen as hazy detail; groups or 
strings of them appear continuous, not like a 
chain of pearl beads where each bead may be 
clearly seen sharply differentiated from its neigh- 


bors. 
Spectrographs 


Production of metal of excessive purity fur- 
nished the first use for the spectroscope in the 
metallurgical laboratory. In no other way could 
the impurities in, for instance, 99.99% pure zine 
(now an article of commerce) be identified with 
exactness. Furthermore, there are interesting 
possibilities in the use of a spectrum for the 
quantitative analysis of less pure metals, alloys, 
and alloy steels. F. FE. Roach summarized the 
situation as to steels in this magazine in June, 
19535, and outlined methods where chromium, 
manganese, silicon, titanium, nickel, vanadium, 
tin, and copper may be determined from one 
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spectrogram in amounts up to 2‘, each. Time re- 


quired is much less than would be necessary for 
a chemical analysis to determine even a single 
clement. 

Portable spectrographs with quartz prisms 
are now available which register certain portions 
of the spectrum; short wave lengths are suitable 
for analyzing non-ferrous metals. Thus, tin, 
lead, cadmium, and magnesium in zinc-base die 
castings are easily estimated. Where the spec- 
trum of the element under study is close packed 
and complex, other spectrographs are available 
with higher resolving power, and which require 
more than one photographic plate to span the 
entire spectrum. Optical comparators are neces- 
sary in this work, such as the one illustrated, 
wherein the intensity of a given line is measured 
by a photo-electric cell and the results read di- 
rectly from scale just below the inclined 


screen. 
Radiography 


Radiography has received an impetus from 
the requirement that important welded equip- 
ment (such as boilers and penstocks) must be 
proven to be free from internal defects by radio- 
graphing the seams from end to end. While this 
is usually done with X-ray equipment, R. F. Mehl 
and others have used rays from radium for thick- 
nesses of metal beyond the capability of X-rays 
to penetrate. If a supply of the metal or its 
emanation is available over night on rental or 
loan, numerous smaller objects may be mounted 
at suitable distances in all directions from the 
capsule and exposed simultaneously. 

Electrical progress has been reflected in the 
form of X-ray tubes of long life and higher volt- 
age (even up to 300,000 volts). These higher 
voltages have emphasized the need of safety de- 
vices; the tube is usually sealed in oil and oper- 
ated at some distance from the high tension 
transformer and rectifier. This is the design in- 
stalled at the Washington Navy Yard; the tube 
operates at 10 milliamperes and 220,000 volts. 

In shock-proof portable apparatus, capable 
of penetrating 4 in. of steel, such as that used for 
inspecting welded seams in the Boulder Dam 
penstocks, a 300,000-volt tube is immersed in oil 
in the same grounded tank which houses the high 
voltage generating equipment, kenotron rectifiers 
and condensers. It is believed that this equip- 
ment, designed for practically continuous opera- 
tion, generates X-ray energy in the largest 
amounts hitherto attained. 
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While a 900,000-volt tube was constructed | oy 
experimental purposes in a New York hospi «|, 
a 200,000-volt tube was the highest rating eo..- 
mercially available as late as 1931 — a fact whi.) 
indicates the progress in this branch of science: 

X-rays are being used to an increasing extent 
for the study of the atomic arrangement of 
metals. The highly specialized interpretation of 
diffraction spectra has thrown much light on 
many theoretical problems, such as the nature of 
various solid solutions, and now is being utilized 
to study and control the structure of wire and 
sheet, where directional properties or “fiber” are 
important. 

An interesting footnote may be added to the 
effect that surface films, only a few atoms thick, 
may be analyzed in a similar manner by diffrac- 
tion of medium-speed electrons emitted from the 
cathode of a special X-ray tube. 

Hardness testers are probably the most use- 
ful routine testing equipment in the metallur- 
gists kit. Present equipment for the accurate 
measurement of the diameter or depth of impres- 
sion, or the load on the penetrator, are a long way 
from the methods in use only a few short years 
ago, when a thing was either “file hard” or not so 
hard. Old-time members of the American So- 
ciety for Metals can remember the lengthy ses- 
sions devoted to hardness testing a subjec 
then as engrossing as grain size is today! 

Recent progress has been principally toward 
a recognition of the capabilities and limitations 
of each of several systems of measuring hardness 
and their interrelation (for there is as yet no 
“universal” method). A notable instance is the 
investigation by American Brass Co. and Bell 
Telephone Laboratories on the relation of the 
Rockwell hardness test and the tensile strength 
of high brass sheets, cold rolled various amounts. 
Accurate relationships were discovered so thal 
the method was incorporated in a specification 
and is most useful in the mill for controlling heat 
treatment. 

One problem which has existed since the dis- 
covery of good hardness machines has been the 
testing of very thin metal. A recent solution has 
been offered in a “superficial hardness tester,’ 
which utilizes smaller loads on the penetrator 
and a more sensitive depth measuring system 
This meets a demand for testing razor blade stev! 
about 0.006 in. thick, by resting a single strip « 
the anvil instead of the acknowledged inaccura 
method hitherto in vogue of testing a pile 
them. Such equipment is also useful for test: 
thin carburized and nitrided cases which « 
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ken through and fractured by machines test- 
for indentation hardness. 


Physical Testing Machines 


he variety of physical testing machines is 
creat that it would take volumes to discuss the 
subject adequately. A trip through the research 
and control laboratories of a representative man- 
ufacturing concern like the Hoover Vacuum 
Cleaner Co. indicates that for every “standard” 
machine there exists a room full of special equip- 
ment designed for life tests of this, that, or the 
other part, or the entire sweeper, in conditions 
closely simulating service. 

Special purpose testing machines seem all 
the stvle, therefore. Thus test coupons cut 
from the walls of welded pipe needed to be 
pulled on the spot to convince the operators that 
the results were bona fide, so a portable tensile 
machine including a hydraulic pump and pres- 
sure gage is now on the market not as large as an 
oxygen cylinder! 

From the great mass of material available 
on new testing equipment, one may select for 
brief description the torsional impact machine 
because it gives information on the toughness of 
hardened steels, and thus carries on where the 
Izod and Charpy tests leave off. A view is shown 
on page 125. It was devised by Messrs. Luerssen 
and Greene of Carpenter Steel Co. to test the 
tough-hardness of various tool and die steels. The 
left flywheel is brought to measured speed by a 
friction drive from the small motor at the rear, 
and at the proper moment a sleeve in the housing 
at the right is moved forward. This sleeve car- 
ries the test piece; the latter has a cross-arm on 
its forward end and this strikes a pair of pins 
on the spinning flywheel and the specimen breaks 
almost instantly. Work required is measured by 
the loss in speed of the flywheel. A test takes 
about a minute. 

This test has proven useful in determining 
the best heat treatments for high carbon steels, 
and is being applied to various cast irons, case 
hardened steels, and in fact should be a useful 
test on all material which cannot satisfactorily 
be tested in the form of notched bars because of 
minute variations in the shape of the notch. 

Dilatometry is a study which is attracting 
creasing attention. Three models of equipment 
re now available, one of which transmits the 

pansion by optical methods through the reflec- 
n of a light ray; the others use a mechanical 
er system. 
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@ At the Washington Navy Yard the 
x-ray inspection of massive, irregularly- 
shaped objects in various stages of 
construction, and located at many dif- 


ferent points about the plant, presents 


View from rear, 
showing control cabin 


a problem which is duplicated in other 
industries far removed from the out- 
fitting of battleships. If yours is one of these industries, 
take a tip from Uncle Sam and investigate the possibilities 
of the G-E KXC-3 Mobile Shock-Proof X-Ray Unit, designed 
to meet U. S. Navy specifications for this class of service. 
G-E KXC-3 is a self-contained shock-proof x-ray unit, 
operating at values up to 10 milliamperes at 220,000 volts 
peak, with an oil-immersed and oil-cooled XPT Coolidge 
x-ray tube in a shock-proof and x-ray-proof casing, so 
arranged that its x-ray output can be directed at prac- 
tically any angle desired and within a large radius. The 
complete equipment is so compactly assembled on a trailer 
truck that it can readily be picked up by crane, if necessary. 
Write for complete information regarding G-E x-ray units, 
designed for either general or specific industrial applica- 


tions. Address Industrial Division. 


GENERAL ELECTRIC X-RAY CORPORATION 
2012 JACKSON BLVD. CHICAGO, ILLINOIS 


Branches in Principal Cities 
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PYROMETERS 


(Continued from p, 122) do not develop much 
friction at the stem, and whose ports are so de- 
signed that proportionate flow results from pro- 
portionate settings. Several valves now on the 


market meet these requirements. 
Program Control 


The above remarks as to the recent develop- 
iments of control apply to the regulation of tem- 
perature about a fixed point. Usually it has been 
assumed that the furnace should be heated up 
from cold (or recover heat after the introduction 
of a cold charge) in the least possible time. <A 
better analysis of many problems indicates that 
the rate of heating of a cold piece has a great 
deal to do with quality of the product. 

This has always been considered in the heat- 
ing of heavy masses of metal, where internal 
rupture will be the reward of too much haste. 
Rate of heating also influences warpage of 
the heat treated object. Furthermore, many 
problems of “hunting,” in the control of electric 
furnaces, are solved by reducing the heating rate, 
or speed at which a given deficiency in tempera- 
ture is recovered. 

“Program control” is another device for the 
sume end, where the temperature is designedly 
varied over wide limits according to a definite 
time schedule. A simple example is a cold fur- 
nace which starts to heat automatically at 4 a.m. 
so as to be at operating temperature 3 hr. later 
when the workmen arrive. 

A more complex example is a batch of gears 
which are introduced into a hot furnace and 
which are to be heated at a definite rate, known 
to avoid distortion, to a definite number of de- 
grees above the critical and then signalled ready 
for quench. 

Such programs are usually operated by 
means of a clock-driven cam, cut to the correct 
curve so it pushes the control lever on the py- 
rometer up at a desired rate. The control then 
operates so that the temperature in the furnace 
closely follows the control lever as it goes up. 
Reaching the correct maximum value, a contact 
may be closed which flashes a warning light, 
either immediately or, by delaved action, after 
a correct soaking period. 
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tions so that orders can be filled without delay. 


TWENTIETH YEAR OF 


GORDON’S 
PROGRESS 


IN 
ENGINEERING 
SERVICE 


FURNACES... PYROMETERS 
TESTING MACHINES ... X- 
RAY INSPECTION and TEST- 
ING ... TEMPERATURE CON- 
TROL and TESTING. 


When you want a few feet of chart paper 
or several thousand yards .. . 


When you need thermocouple wires or 
protection tubes ——in any quantity 


When you want repair service that is fast 


and reliable ... or 


GORDON SUPPLIED 
Thermocouple Alloys and Thermocouple 
Protecting Tubes . . 

\-Ray Inspected and Selected for your 
Protection ... 

NOTIFY ONE OF THESE OFFICES 
Our Stock of Charts . . . Insulators . 


Lead Wires is the best that money can buy 


We have a record of 20 
years of honest service 


CLAUD S. GORDON CQO. 


708 WEST MADISON STREET 
CHICAGO, ILLINOIS 


Telephone: Haymarket 4983-4 


PYROMETER SERVICE & SUPPLY CORP 
1988 EAST SIXTY-SIXTH ST. 
CLEVELAND, OHIO 
Telephone: HEnderson 5540 


CLAUD 8S. GORDON COMPANY 
SI4 INDIANA TER. WAREHOUSE BLDC. 
INDIANAPOLIS, INDIANA 

Telephone: Lincoln 8848 


CLIP THIS FOR READY REFERENC 
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CONTROL 
with the DEOSCILLATOR 


@ The effects of lag conditions can be 
overcome and fluctuating control mer 
smoothed out by using the DEOSCILL- 
ATOR. This is an auxiliary unit that 
gives an anticipating effect to the action 
of any regular automatic temperature 
control pyrometer. 


@ The,DEOSCILLATOR can be used 
either on new installations or those al- 
ready in service. It can be cut in circuit 
with the Controller easily and quickly. 
This is asimple, inexpensive and proved 
method of getting smooth control. 


. . 


@ The installation at the left is in a 
well-known eastern wire mill. 


@ Definite savings can be made by im- 4 
proving control. You should investigate 
the possibilities offered by the DEOS- 

CILLATOR. 


Be sure to see control “DEOSCILLATED"” ie 
in Booth No. 342 


Heat Treaters will find many interesting All sorts of Instruments developed es- 
features in the Foxboro Booth. An auto- pecially to aid the Heat Treater will be 
matically controlled electric furnace will shown. We shall be glad to welcome 
be used to demonstrate control action 
with and without the DEOSCILLATOR you at the Foxboro Booth. You will find 
The latest design in Controlling, Record- several engineers in attendance who 
ing and Indicating Pyrometers will be will answer your questions and give any 
there for inspection. help you may desire. 
POTENTIOMETERS 
Indicating 
Recording 
Controlling 
MILLIVOLTMETERS | 4 REG. U. S. PAT. OFF 7 
Indicating 
Recording 
ELECTRIC RESISTANCE ja 
THERMOMETERS x 
Indicating 
Recording 
Controlling e THE FOXBORO COMPANY FOXBORO, MASS. 
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LOSER TEMPERATURE CONT 


Depends upon the Accuracy 


SEE THESE 
BROWN 
TEMPERATURE 
CONTROLLERS 
IN OPERATION 
AT BOOTH 145 


RO: 
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500 1500 


Couvnes Luce Tes Cuts Costs 


EAT-treatments of metals today demand instruments that afford closer 
temperature control of furnace operations. ...... Because of their high 
accuracy, you'll find any one of these three Brown Temperature Controllers ex- 
actly adapted to your need....... You will welcome their assistance — you 
can rely on their precision —be confident of their dependability. Brown Con- 
trollers are built to meet industrial conditions as they exist today or will tomorrow. 


Wherever they have been put in charge, reduction in spoilage, improved quelity 
and increased output have quickly followed. 


130 


METAL PROG! °S 


| 
| 
| | 
| 
| | | | 
| | 
| 
| 
—— 
to 
A 
| 
4 
4 
| 
3 
i 
pes 
: 


THE TREATMENT OF 
of the Instruments You Use 

4 BROWN POTENTIOMETER 
PYROMETER 


The Brown Potentiometer Pyrometer makes practical the highest 
standards of accuracy needed in the measurement and control of 
treatment temperatures . . . A separately enclosed galvanom- 
eter is responsive to temperature changes as small as 4 of a 
degree and the 40” slide wire makes possible an extreme ac- 
curacy of 15 of 1% .... The slide wire is totally enclosed, 
immersed in oil, and protected against corrosion . . . . Control 
action is made positive through motor operated mercury switches 
that eliminate relays for most applications. Those features are 
fully explained in Catalog No. 1101. Write for it. 


9 BROWN THERMOMETER 


The new Brown Thermometer assures accuracy and positive con- 
trol of temperatures up to 1200°F. Highly responsive bulb 
system and unhampered pen movement is practically instantane- 
ous in recording temperature changes . . . . Motor operated 
mercury switches assure positive control and eliminate the need 
for relays. Every six seconds the motor operated mechanism 
determines the location of ‘the ‘pen in reference to the control 
setting and operates the mercury switches as required. It is so 
designed that it does not interfere with the measuring system. . . . 
Brown Thermometer Controllers combine accuracy with rugged- 
ness. Write for Catalog No. 6702. 


3 BROWN MILLIVOLTMETER 
PYROMETERS 


Brown Recording or Indicating Millivoltmeter Pyrometers can be 
relied upon to measure and control within close temperature 
limits either Electric, Oil or Gas fired furnaces. Control is 
through motor operated mercury switches eliminating the use of 
relays. For complete information, get Catalog No. 15-B 


Brown Temperature Controllers bring to industry temperature 
measuring instruments having the highest accuracy—designed 
for severe plant service. . . . Heavier, stronger working parts 
of carefully chosen materials give these controllers extra 
strength and built-in endurance. .. . . Our Engineers will be 
glad to recommend the instrument most adaptable to your needs. 


R 
4503 Wayne Avenue, Philadelphia, Pa. Branches in 22 Principal Cities 


TEMPERATURE 


to Economize 


TOBER, 1934 131 


| 
4 
~ 
‘ 
x. 
i ~ 
» 
: 
~ 
7 ROM hae ‘ 
- 
? — : | 
*, 
ae 
al 
7 


For The 


Rubber Testers 
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radium rental plan. 


1 EAST 42ND ST... NEW YORK 
Western Sales Representative 


RADIUM AND RADON CORPORATION 


Marshall Field Annex Building 
Chicago, Hlinois 


We rent Radium for industrial radiography. Radium offers many advan- 
tages as to its portability, ease of application and manipulation in the 
examination of castings, forgings, molds, weldings, and assemblies. Radium 
reveals the entire inner structure of a specimen. Use Radium when in 


doubt and be sure of the specimen. We invite your inquiry regarding our 


RADIUM PREPARATIONS, INC. 


(Operative On All Known Materials) 


tive of surface or subsurface conditions. Ana- 
lytical testing including associated physical 
properties. Ask for Interesting Bulletins Free. 


For The 100% Portable Hardness Test 
The Secleroscope 


The genuine indispensability of this fast non- 
scoring test for especially metals is being rea- 
lized more every day. We now provide also 
equivalent Brinell Graduations yielding the 
familiar International Co-Standard Brinell- 
Shore Scales. To install our latest: improved 
models is a gratifying investment. Interesting 
Bulletins Free. 


FOR TESTING THE HARDNESS AND 
ELASTICITY OF RUBBER, etc. 


No equipment is complete without the 
Durometer and Elastometer. Ask for Bulle- 


tins and R-5. 


9025 VAN WYCK AVENUE 


Ultimate Hardness Test —The Monotron 


THE LEADING ESTABLISHMIENTS ARE NOW STANDARDIZING ON THIS HIGHLY PERFECTED TEST- 
ING MACHINE NOT ONLY BECAUSE THEY HAVE FORESIGHT BUT BECAUSE IT 
SOLVED THEIR TECHNICAL AND ECONOMIC PROBLEMS. It will solve your problems because it com- 


bines the best in competitive machines and eliminates their faults. Maximum speed and accuracy, irrespec- 


HAS DEFINITELY 


The Moneotron 


The Shore Instrument & Mfg. Co. 


JAMAICA, N.Y. 
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}emonstrations at our Booth No. 326, National Metal Exhibition 


“ROCKWELL” HARDNESS TESTER 


Applicable to the majority of 


specimens or parts of metals. 


“ROCK W ELL” 
SUPERFICIAL HARDNESS TESTER 
Applicable to nitrided steel, light car- 


burized steel and sheet metal too thin 


for the normal “ROCKWELL.” 


SMITH-TABER STIFFNESS TESTER 
\pplicable to extremely thin metal that 
is too thin even for the “ROCKWELL” 


Superficial. 


WILSON MECHANICAL INSTRUMENT CO., INC. 


"9 Concord Avenue New York ( ity 
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The wide use, in this country, of hydraulic test- 
ing machines has been a development of the 
past few years. There were, of course, a few 
outstanding precision testing machines having 
mutually independent load producing and load 
measuring hydraulic systems, such as those 
designed and built by A. H. Emery for the 
Watertown Arsenal and the National Bureau of 
Standards; but their cost limited their use to 
laboratories in which price was a secondary 
consideration. 


Therefore, when a testing machine in which 
load was indicated by an hydraulically-actuated 
pointer before a graduated dial was made 
commercially available to materials engineers 
there were doubts as to its reliability and 
accuracy. 


Today, the records of service of Southwark- 
Emery hydraulic machines, subjected to constant 
use and frequent calibration in outstanding 
materials laboratories, have so far exceeded 
expectations that the merit of these machines 
“a is universally recognized. 


In addition, their present wide distribution in 
almost every kind of industry, their use in the 
most renowned of the engineering schoo! !ab- 
oratories, the uniform owner satisfaction, and 
the fact that almost every important manuiac- 
turer of testing equipment in this country now 
offers machines of this general type, is conc'u- 


BALDWIN-SOUTHWARK CORPORATION sive evidence of the position of leadership which 
SOUTHWARK DIVISION 5 PHILADELPHIA. PA. Southwark-Emery has achieved and will cont 


to hold in the materials testing field. 
Pacific Coast Representatives 


The Pelton Water Wheel Co. san Francisco 
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AT BOOTH 118 
\\TIONAL METAL EXPOSITION, NEW YORK CITY, OCTOBER Ist-5th, 1934 


LEITZ MICRO-METALLOGRAPH 
( Received “GRAND PRIX” at the International Foundry and Steel Exposition, Paris 


EXCLUSIVE LEITZ FEATURES: 
GREATEST VERSATILITY: No other equipment offers such a variety of 
illumination methods. That is why interpretation of micro structures with 
a Leitz Micro-Metallograph is more comprehensive. | ertical, Oblique, Conical 
and Darkfield Hlumination as well as Polarized Reflected Light are available. 


SIMPLE TO OPERATE: Although designed for greatest convenience in op- 
eration, this principle has not been carried so far that flexibility of the illumi- 
nation system had to be sacrificed. No permanently aligned system can guar- 
antee as critically uniform illumination from lowest to highest magnifications 
as the simple but flexible system of the Leitz Micro-Metallograph. 


UNEXCELLED WORKMANSHIP: Rugged in design, reliable in opera- 
tion, superior in quality of optical equipment as well as mechanical workman- 
ship. the Leitz Micro-Metallograph combines in itself the properties of a 
Research Equipment and a Routine Laboratory Apparatus. 


NEW AND OTHER ITEMS TO BE EXHIBITED 
Panphot Universal Photo-Micrographic Apparatus with accessories for automatic recording of many 


for reflected and transmitted light. properties of metals. 


Facuum Heating Stage for Leitz Micro - Metallo- 


graph permitting observations as high as 1100° C. Ring Illuminator for photography in reflected light 


at natural size or | agnificati inification. 
Universal Differential oe at natura ze or low magnification or minification 


Consult our Technical Staff for recommendations and assistance 
in solving your Micro- Metallographic and Dilatometric Problems. 


EK. dep. ss: 


60 East 10th Street New York City 


hes: WASHINGTON, D. C. CHICAGO, ILL. SAN FRANCISCO, CAL, LOS ANGELES, CAL. 
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METALLOGRAPHS 
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MICROSCOPES, MAGNIFIERS AND OTHER OPTICAL INSTRUMENTS 
ARE SHOWN AT THE METAL CONGRESS 


New large universal Metallograph ** Neophot™ for bright field, dark 


field and polarized light, low power survey and macro-photography. 


PACIFIC COAST BRANCH: 


728 SOUTH HILL STREET, LOS ANGELES, CALIF. 


You Should Have These Books for Your Library 


@ Published by the American Society for Metals, these books contain sound, practical information 
that will aid you materially in your daily work and will make a fitting addition to your library. 


The Book of Stainless Steels—Thum, E. E. 

This book describes the properties of principal types of 
stainless steels. The manuscript was specially prepared by 
75 leading authorities. Includes chapters by experts in 
consuming industries telling of successful applications. 


Quenching of Steel—French, Herbert J. 

Characteristics of various cooling media (coolants) discussed 
at length. Cooling properties for center and surface cooling 
of steel are treated quantitatively 
The Constitution of Steel and Cast Iron—Sisco, Frank 

332 pages, 6x9, 105 ill., cloth.. 
A well grounded book that meets the demand for a fairly 
elementary discussion of the theory of the constitution and 
heat treatment of steel and cast iron. 


Inclusions in Iron and Steel—Wohrman, C. R. 


Comprehensive study of inclusions in ferrous metals in 
which the inclusions are definitely known. 
Lectures on Steel and Its Treatment—Keller, John F. 

267 pages, 6x9, 166 ill., cloth................. 
The mysteries of the behavior of iron and steel explained 
by a practical man, who is a blacksmith by trade. 


Prices include postage in U.S. A. 


AMERICAN 


Add 50 cts. for foreign delivery. 


SOCIETY 


Nitriding Symposium—By Several Leaders in the Field 

222 pages, 6x9, 209 ill., cloth................ $2.01 
Nine papers by leading researchers, covering the process 
in production and laboratory. Heating cycles, proper 
improper nitriding conditions, control of ammonia 
proper steels and service results of products are discussed 
at length. 


Principles of Steel and Its Treatment—Bureau of Standes® 
93 pages, 6x9—paper $1.00, cloth. 

A concise treatise on the heat treatment of steel, explaining 

terms used and the results obtainable. Twenty-paged com- 

prehensive bibliography of both books and periodic: 

appended. 


Heat Treatment, Properties and Uses of Steel— 
Knowlton, H. B. 
A comprehensive book devoted to the treatment and C- 
essing of all types of iron and steel, emphasizing 
problems and selection of the proper steels. 


The Application of Science to the Steel Industry— 
Hatfield, W. H. 
Review of English steel making, manipulation and 
ment, special steels, corrosion and acid resisting 
effect of temperature on steels and tool and cutlery 


Sent on 10-day approval 


FOR METALS 


Formerly American Society for Steel Treating 


T7016 EUCLID AVENUE 


OHIO 


CLEVELAND, 
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ELDING AND CUTTING 


TABLE OF CONTENTS » 


OXY-ACETYLENE .. .. 199 


Forward welding of steel with neutral flame is 
being superseded by backward welding with 
excess acetylene, using a multi-flame blowpipe, 
because the latter saves much time, gases and 
rod... Hard facing and spot hardening are use- 


ful developments. . . . 


Arc welding has been improved by protecting 
the electrode and weld with either a gas flame, 
a combustible envelope, or a slag-forming coat- 


ing—matters which apply to alloy steels as well 


as carbon steel... . 
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WELDED STRONG AND LEAK-PROOF WITH THE AID OF 


Linde Process Service 


‘IX 3000-gal. aluminum tanks 
\/ were to be built by a large 
chemical company. They wanted 
the best possible job... strong... 
leak-proof... permanent. On pre- 
vious projects Linde Process 
Service had proved invaluable to 
them. So, before writing the spec- 
ifications they called on the Linde 
organization for the latest devel- 
opments in welding methods and 
materials. 

Linde gladly furnished them the 
latest data on the correct type of 
welded joint, welding materials, 
and proved testing methods; 
helped qualify the operators of 
welding equipment, and cooper- 
ated through every phase of the 
work with the company’s own en- 
gineers to assure the most efficient 
welding job. 

This is a typical example of 
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Linde Process Service and shows 
how Linde works with manufac- 
turers to promote correct OXxy- 
acetylene welding and cutting in 
the fabrication of modern equip- 
ment. Linde gives this service 
with Linde Oxygen. 

Linde Process Service—the 
combined experience of a vast or- 
ganization—is yours for the asking 
when you buy Linde Oxygen. The 
nearest Linde Sales Office is ready 
to tell you about it. These offices 
are located in Atlanta, Baltimore, 
Birmingham, Boston, Buffalo, 
Butte, Chicago, Cleveland, Dal- 
las, Denver, Detroit, El Paso, 
Houston, Indianapolis, Kansas 
City, Los Angeles, Memphis, Mil- 


YOU CAN ORDER EVERYTHING FOR OXWELDING AND CUTTING FROM LIN 


waukee, Minneapolis, New Or- 
leans, New York, Philadelphia, 
Phoenix, Pittsburgh, Portland, 
Ore., St. Louis, Salt Lake City, San 
Francisco, Seattle, Spokane and 
Tulsa. Everything for oxy-acety- 
lene welding and cutting—includ- 
ing Linde Oxygen, Prest-O-Lite 
Acetylene, Union Carbide and 
Oxweld Apparatus and Supplies 


PRODUCT OF A UNIT OF —is available irom 


LCE Linde through produc- 
ing plants & warehouse 


UNION CARBIDE AND 
stocks everywhere. 


The Linde Air Products 
Company 
Unit of Union Carbide and Carbon Corporation Ye 


UCC) coo 


In Canada: Dominion Oxygen Co. of Canada, | 
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ROFOUND changes in the oxy-acetylene 
process for welding plain carbon steel have oc- 
curred in the last few years, greatly increasing 
the speed of the operation and simplifying the 
technique to the point where machine welding 
will doubtless become possible, without any sac- 
rifice in that high quality of joint which has al- 
ways been its outstanding virtue. 

Brief recital of the characteristics of welding 
with a “neutral flame” in an abutting vee of steel 
plate, (the recommended standard practice prior 
to 1930) is necessary to establish a background 
for the reader. The sketch below is taken from 
H. S. George’s paper in Journal of the American 
Welding Society for July, 1932, and illustrates the 
essentials. The plates are each beveled so that 
when butted they form a trough having an in- 
cluded angle of 90° to insure “fusion” and “pen- 
etration.” This means the progressive melting of 
a laver of steel at both sides to the bottom of the 
joint, an intimate mixing of this molten metal 
with that coming from the welding rod, holding 
this puddle in a highly liquid state until any 
trapped oxides or scale can float to the top and 
move to the solidifying edges of the advancing 
puddle. 

It is obvious that the above requires the 
manipulation of flame and rod in coordinated 
movements, oscillating and advancing — move- 
ments quite difficult to reproduce mechanically. 
While this is not the only reason, satisfactory 
‘utomatic welders have not vet been developed 
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(except for some highly specialized operations 
like longitudinal joints on thin-walled tubing), 
and this has handicapped the process in the 
quantity production of machine or structural 
parts, 

Another characteristic of the process is that 
a relatively large volume of metal is kept in a 
liquid condition with a somewhat diffuse flame 
(as compared with the concentrated heat from a 
welding arc) despite a rapid conduction of heat 


Fusion Welding (Backward Method) Show- 
ing How Surface Oxide Is Floated Off 
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In the Self-Fluxing Process, a Carbonaceous Flame 
Reduces Surface Oxide, Carburizes the Metal 
and Produces a True Weld at Low Temperature 


back into the cold base metal. This means not 
only a deliberate rate of progress but the ab- 
sorption of an undue amount of heat into the 
adjoining structure, to its detriment by internal 
stresses and warpage. 

The counteracting advantages are the sim- 
plicity and portability of the equipment and its 
ability to serve as an all-purpose tool for welding 
or cutting all commercial metals. 

Naturally a great improvement could be ef- 
fected in the economics of the process if the heat 
could be more concentrated and the operation 
performed at a lower temperature. The latter 
object had been already achieved by the develop- 
ment of bronze welding, so called, where a low 
melting alloy rod and flux was used in place of 
steel welding rod, and a true weld effected with 
steel at temperatures just below its melting point. 
(This was a modern adaptation of the old braz- 
ing process.) It remained to discover that sim- 
ilar fluxing could be done with carbon deposited 
from the welding flame, and similar low tem- 
perature welding effected between carburized 
surface of the steel to be joined and superheated 
steel from the welding rod. 

The essentials of this self-fluxing process are 
sketched in the second diagram from Mr. 
George’s paper. The time-honored “neutral weld- 
ing flame for steel” is abandoned; a definite ex- 
cess of acetylene is required, ordinarily enough 
to give a luminous feather surrounding the inner 
cone and twice its length. This deposits some 
carbon along the advancing borders of the heated 
that is, it 
reduces light scale or rust and bares clean iron. 


area, and this carbon acts as a flux 
As this clean iron surface gets hotter and hotter, 
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it absorbs carbon from the impinging carburiz 
flame, until a surface layer 0.001 or 0.002 in. th 
may have up to 4.5% carbon (the eutectic n 
ture) and this skin actually melts when at 21 
F., some 600° F. lower than would the soft s| 
just beneath (and 600° F. lower than the eo; 
mencement of fusion if the neutral flame wi 
used). At this moment, when the metal appea 
to glaze, the melted steel from the rod “wets” 
forming a true alloy with the underlying mets 
(not vet near its melting point) and the excess 
carbon at the very surface rapidly diffuses away 
into the puddle of molten metal. 

If the base metal were one of the extra strong 
pipe plates having 0.35% carbon, the welding 
rod should carry about 0.15% carbon; the abov 
action of the flame will produce a weld contain- 
ing 0.25 to 0.309% carbon. The special rod also 
would contain other chemical elements which 
cleanse the molten metal and insure a fine grain 
in the as-welded condition, thus simulating met 
allurgical practice in the steel foundry.  Lab- 
oratory welds of this sort have outpulled plate of 
90,000 psi. tensile strength; their ductility by the 
free bend test ranged from 20 to 25% as-welded, 


Fixture for Rapid Welding with Flame Cont: ng f . 
Acetylene, Wherein an Auxiliary Flame Hes the? 
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10 to 50% in the normalized 
) tion. (In the older practice, 
stretch on free bend denotes 
d, tough weld metal). 
fhis new method has been 
ed most in connection with the 
ling of several thousand miles 
of oil and gas pipe lines. Repre- 
sentative figures may be taken from 
one line of 24-in. pipe made of steel 
containing 0.25 to 0.35% carbon and 
having 70,000 to 80,000 psi. ultimate 
tensile strength. Specifications re- 
quired that failure of tensile cou- 
pons must occur in the pipe wall or, 
if at the weld, at a stress greater 
than 64,000 psi. Of 56 coupons 
tested, only 7 failed in the weld, and 
their average tensile strength was 
72.900 psi. On another similar line 
144 coupons bent an average of 92 
before cracking (when the outside 
of the weld was stretched) or 61 
when the inside was stretched. 

Of most importance, however, 
is the gain in speed and economy. 
The operator merely directs the 
flame against the just-formed joint; 
is spreads out and forms a carbon- 
aceous film immediately ahead of 
the advancing puddle. Because oxi- 
dation is eliminated, the base metal 
remains solid and the welding rod 
barely molten, there are no compli- 
cated movements necessary. A 
larger flame can be safely applied. 
Furthermore, the included angle at 
the vee can be reduced to 70° (60 
on ,y-in. metal and thicker) and the 
joint needs little or no reinforce- 
ment on the outside. This saves at 
least 25% of the welding rod and 
gases. The net result of these vari- 
ous factors is that the rate of weld- 
ing has been doubled, and in some 
cases trebled, over rates obtained 
with the older technique. 

Economies are illustrated in 
‘igures gained from two 10-in. pipe 
ines, laid by equally experienced 

id well-organized crews. One was 
‘) miles long; made by the stand- 
¢ neutral flame welding methods 
(ook 20 operators (four on relief) 
o made 1.4 joints per man-hour, 
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While Using a Multi- 
Flame Blowpipe, the 
Main Flame Is Directed 
Against the Puddle; The 
Auxiliary Flames Pre- 


heat the Vee Ahead 


and used 42 cu.ft. of gases and 3.5 
lb. of rod per joint. The other was 
200 miles long, and made by the 
newer self-fluxing method, using a 
carburizing flame. Five operators 
(one on relief) were employed; they 
made 34 joints per man-hour, and 
used only 18 cu.ft. of gases and 1.5 
lb. of rod per joint. 

Owing to the simplified tech- 
nique, the workmen are much more 
readily trained. Furthermore, it is 
possible to devise manual aids, such 
as the one illustrated on page 140, 
where the carriage steadies the 
blowpipe tip, an auxiliary flame 
preheats the rod, and the rod itself 
rides along the joint in a_ holder 
with lifting device to raise or lower 
itat will. Such a simple equipment 
frees one of the operator’s hands 
and relieves fatigue. Strangely 
enough, workmen experienced with 
the older technique deride and shun 
such devices, calling them “Rube 
Goldbergs”; thus do irrational prej- 
udices frequently halt progress. One 
guesses, however, that this device is 
the forerunner of a badly needed 
automatic oxy-acetylene welder. 

Another advantage is that ex- 
cessively thin steel can be welded, 
because it is not melted. An in- 
stance is butt joints in the chrome- 
molybdenum tubing used for air- 
craft; wall thickness is as low as 
0.035 in, 

Tests on joints, as welded, de- 
veloped tube fractures in the 
slightly softened region near the 
weld (as is usual) at about 95,000 
psi. tensile strength. After sample 
joints were heat treated in a way 
which developed tube strengths of 
125,000) psi. and 150,000) psi. re- 
spectively, fractures all occurred 3 
to 4 in. from the weld. When some 
plates of this same alloy steel 
(S.A.E. 41130) were welded, the re- 
inforcement ground down smooth, 
and the joints reduced in section, 
the test pieces broke in the weld af 
about 80° of the unit strength of 
the heat treated base metal, with 
silky, homogeneous fracture, thus 
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Welder Using Multi-Flame Blowpipe on a Pipe 
Joint. Note that welding is in a backward direc- 
tion, and flame is nearly tangent to surface 


showing that the weld metal is quite susceptible 
to heat treatment. 

No specialized equipment (that is, blowpipe) 
is required for welding with a carbonaceous 
flame. Welding is backhand — rather than fore- 
hand as has been usual with oxy-acetvlene weld- 
ing. Doubtless this fact is responsible for much 
of the increased efliciency, as the hottest portion 
of the flame is directed almost constantly against 
the end of the welding rod, increasing its rate of 
melting, and when the operator manipulates the 
rod by hand, the preheating flame desirable on 
such semi-automatic fixtures as shown on page 
140 is unnecessary. 

Transfer of heat from the slightly luminous 
flame is principally by convection, and this sets 
the practical limit for speed of welding. Recent 
attention has therefore been directed toward a 
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blowpipe which produces two auxiliary flay os 
which strike either side of the joint about 2 in. jy 
advance of the focus of the main welding fla: 
preheating the metal to a dull red heat )- 
proximately 1000° F. Manipulation of rod aid 
blowpipe is reduced to straight backward and 
forward “accordion” movements about 1 in. Jo 
in the line of the joint. 
visualized from the movie strip on page 141. 
With this improvement, the speed of weld- 
ing vee joints in the down position is increased 


The technique may |e 


another 25% over the rates attainable with the 
single flame blowpipe; the limiting factor now js 
the speed of melting down the welding rod. |) 
would appear, therefore, that even better results 
will be obtained in an automatic or semi-auto- 
matic fixture where the main flame is supple- 
mented by auxiliaries not only below, to preheat 
The de- 
velopment is still too new to make definite pr 


the vee, but above, to preheat the rod. 


dictions, but undoubtedly has the greatest possi- 
bilities. 


Hard Facing 


Increasing interest is being shown in several 
methods of producing hard, wear resistant sur- 
faces. Hardening with heat from an oxy-acetylene 
flame is probably the simplest; its greatest pres- 
ent application is for hardening rail ends in main 
line track (see M. D. Bowen's article in April, 
1931). 
ening gear teeth warrants the investigations now 


Success of an English machine for hard- 


going on as to the possibility of hardening the 
bearing areas on crankshafts. 

Another obvious application is a metal over- 
lay, welded on, such as the stainless steel surface 
on turbine runners photographed on page 11. 
Welding rods of high carbon steel, with or with- 
out chromium, and Hadfield’s high manganese 
steel are also available. Even better rods are 
stellite (alloys of cobalt, chromium, and tungs- 
ten or molybdenum) which is hard and wear r 
sistant at temperatures in the red heat range, 92» 
to 1550° F. It is welded on by a simple adapta 
tion of the self-fluxing process described abov: 
Hence its success on machinery for handling ho! 
coke and cement clinker, for facing of rollin 
mill guides, and for hot shears. A ring of stelli! 
on mating surfaces of exhaust valves and val: 
seats has been adopted as standard practice ! 
three prominent bus and truck manufacture! 
reports have it that such valves are in pert: 
shape after 150,000 miles, even though low gra 


and doped gasoline is used. 
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HILE there is nothing to record in the 
way of revolutionary changes in the principles 
of are welding, there have been a multitude of 
al improvements in the equipment. This, coupled 
Pe with the better understanding of the fundamen- 
e tals of the operation and an appreciation of the 
:- meaning of procedure control, has resulted in 
n a steady improvement in quality and decrease 
L, in cost of the work. 
Portable direct current generators, one 
\ welder for each operator, driven either by elec- 
eC tric motor or by gas engine, are now almost 


universally favored. These welders have been 
refined in every detail, trim, efficient machinery. 
Recent interesting auxiliaries are remote control 
devices and meters which register the amount 
of time the correct welding current is in play. 
Carbon are welding has also taken on a new 
lease on life, especially for those gages of sheet 
or light plate which can be melted at the joint 
without the addition of welding rod, or for cop- 
per or galvanized iron to be welded with phos- 
phor bronze. In automatic welding a powerful 
‘id has been discovered in the form of a strong 
inagnetic field thrown about the electrode, which 
neentrates and directs the are stream. 
Automatic and semi-automatic welding has 
en rapidly developed into almost infinite de- 
‘|. Given a successful mechanical and elec- 
‘al control of the are (which was developed 
eral years ago) it may be applied to various 
‘ures and motions which will serve to weld 
uost any joint in production, from pipe and 
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WELDING AND 


ELECTRODES 


tanks to barrels, frames, structural members and 
motor parts. Attention is now being given to 
handling equipment, for several surveys of busy 
departments show that the welding operators are 
waiting for the work to be adjusted more than 
half the time. 


Improved Welding Electrodes 


Important recent advances in electric are 
welding have come about from improvements 
in electrodes. This statement is certainly true 
as to engineering applications. Sound technique 
had developed reliable methods with “bare’ 
electrodes for static structures, but modern coated 


and covered electrodes have enabled the welding 
operator to produce joints good enough to pass 
the rigid specifications of vessels carrying alter- 
nate stresses and high pressures. 

It is rather a curious circumstance that the 
American are welding industry was using bare 
electrodes almost exclusively up to five years 
ago when our English cousins were doing per- 
haps 90°. of their work with mineral covered 
electrodes. Bare electrodes were favored by the 
workmen, because the heat from the are is con- 
centrated in a small area and the metal from the 
electrode joined with the base metal no matter 
whether the seam were flat, vertical, or overhead. 
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They are also cheaper and hence appeal to the 


penny-wise purchasers. 

Unfortunately, however, the weld metal from 
bare electrodes is not well protected from the 
ambient atmosphere, with the result that it ab- 
sorbs more or less nitrogen and oxygen, and the 
result is metal hard and moderately strong, but 
lacking in ductility, even when deposited from 
the best low carbon steel or iron rod. 

It must not be supposed that bare-electrode 
welding, properly performed, is unreliable. In 
fact, our most unbiased information as to the 
performance of welding operators in structural 
shops, and the strength and uniformity of welds 
made under procedure control, was secured by 
the five-year research program of the American 
Bureau of Welding on this very subject. H. M. 
Priest summarized the results in Metrat Proc- 
neESS for December, 1932. Tension tests on butt- 
welded joints show that qualified operators have 
no difficulty in making welds in structural steel 
with bare wire whose average strength is 52,000 
psi. and none falling below 45,000 psi. Elonga- 
tion of only 8% in 2 in. over the joint is not so 
satisfactory. The factor of safety commonly 
used by designers is 342, and applying this to 
the minimum values reached in the Committee’s 
program, the unit working stresses for design 
purposes recommended are 11,3500 psi. in shear, 
13,000 psi. in tension, and 15,000 psi. for welds 
in compression. 

These results are of the utmost importance 
in confirming the uniformity of structural welds, 
and have been responsible 
for a truly remarkable 


sible, as far as strength, ductility, corrodi} 
and other ruling physical properties are 
cerned. The ideal, of course, is a joint i: 
tinguishable from the material being joined, 
the simplest case is the most important, nan 
welds in soft carbon steel plates and shapes 

In the oxy-acetylene process this matter 
matching composition has been solved by cle\ 
alloving of the welding rod. 
metals like manganese and silicon are present 
in excess, and a part of these combine with any 
oxygen picked up during melting and puddling 
and readily slag off, protecting the carbon; the 
result is a sound weld of controlled carbon. 

If higher carbon steel is used as bare elec- 
trodes, much of the carbon is burned out during 


More oxidizal)le 


the process, leaving weld metal of uncertain 
composition, and deficient soundness and duc- 
tilitv. One way to prevent this change in nature 
of the electrode metal during its transfer into 
the joint is to shield the are from the oxygen 
and nitrogen in the ambient air by an envelope 
of inert or of combustible gases (as indicated 
by the oxy-acetylene process and the atomic hy- 
drogen arc). The result is somewhat similar to 
operating an are inside a bonfire. 

Such reducing gases can be blown down 
about the are, or provided by some fuel fed into 
the arc, or by a combustible coating on the elec- 
trode. Such methods have been commercialized 
(although the wider use of carbonaceous mate- 
rials and fiber wrappings has been hampered 
by patent litigation) and have done what was 


growth of welded frames 
for buildings and machin- 


Electrode With Covering Split at End to Show Its Relative Thickness 


ery, and for reinforcing 
of overworked bridges. 
Some have advocated 
the use of weld metal con- 
siderably stronger but less 
ductile than the base met- 
al, believing that in the 
event of overpowering 
stress, failure would occur 
in the base metal rather 
than the joint. Without 
arguing this point at 
length, it may be said that 
the recent move toward 
coated and covered elec- 
trodes is designed to give 
weld metal as nearly like 


the base metal as_ pos- 
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flat without cracking, 
= whereas weld metal de- 
posited from bare elec- 
trodes will barely stretch 
15° before cracking. 

It can readily be ap- 
preciated that this com- 
bined gain physical 
properties and speed of 
welding has been respon- 
sible for a remarkable 
acceptance of the modern- 
ized process by engineers 
and production men for 
the fabrication of large 
pipe and other pressure 
vessels (both of mild steel 


Standard Tensile Specimens Machined From All-Weld Metal; Frac- 
tures Fine-Grained and Full Cup. At left is low nickel steel with 
59,000 psi. yield strength; in center is medium nickel steel with 72,000 
psi. yield; at right is molybdenum steel with 54,000 psi. yield strength 


and of the stronger me- 
dium steel), and machin- 
ery parts of all sorts. Ap- 
proval by the Navy for 
extensive use of welding 


expected of them, namely, produce a mild steel 
weld much cleaner of oxide particles, much 
sounder, and containing less of the hardening 
nitrides — in short, a more ductile joint. A most 
important concurrent advantage (and one which 
looms largest to many metal fabricators) is a 
notable gain in speed. Much more energy can 
be put into the are without causing it to become 
unstable, and the rate of deposition of weld metal 
(and the penetration into the base metal) is cor- 
respondingly increased. 

Specific data are quoted by A. F. Davis, to 
the effect that the limit of hand welding with 
bare electrodes (200 amp. and 20 volts, with 14-in. 
wire) has been increased to as much as 400 amp. 
and 30 volts with the same size of covered elec- 
trodes. Rate of melting rises from 5 lb. of elec- 
trode per hr. to 10 lb. Speed of welding has also 
been doubled (for instance, to 44 ft. per hr. on 
lapped *,-in. plates). Most notable from a met- 
allurgical viewpoint is a fine-grained deposit, 
clean, and free of visible nitride needles. Butt- 
welded structural plates, tested in tension, break 
in the base metal, so our idea of the properties 
of the actual joint must be derived from tests 
on all-weld metal specimens. These will develop 
0,000 psi. ultimate strength, and 20°. elongation 
1 2 in. (quite an improvement over the figures 
‘or bare wire quoted above). Ductility as meas- 

ed by stretch around the outside of a free 
nd test on a welded joint in ordinary plate 
‘ows elongations approaching 50° when bent 


-TOBER, 1934 


on the hulls of the new 

warships is in itself a guarantee of quality. 
Obviously there is another way to protect 
arc welded metal from deleterious reactions with 
atmospheric gases, and that is to coat the elec- 
trodes with a mixture containing some non- 
combustible materials which are fusible and 
slag-forming. In fact, this has been the preferred 
method of operating in England for many years. 


Coatings Which Produce Much Slag 


In this country we have developed the 
idea further, not only for welds in heavy mild 
steel plate for high pressure drums, but also for 
the low alloy, high strength constructional steels 
now attracting so much attention. Such coat- 
ings may be merely inert protectors of the metal 
electrode, which in that case is a close match 
in composition of the plate being welded, or they 
may contain alloying elements which enter the 
joint during welding. In the latter event the 
electrode may be a mild steel (if a low alloy steel 
is to be welded) and the physical properties of 
the steel to be joined are approximated by alloy- 
ing from the edges of the joint, supplemented 
by metals furnished by the coating. 

Both methods have been commercialized. 
It can be seen that metallurgical and chemical 
skill of high order is necessary to devise such 
coatings, which, in addition to their chemical 
functions when molten, must be non-conductors 
of electricity, easily and completely detached 
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from the cold joint, and 
impervious to atmospheric 
UAases. 

Many such coated 
electrodes and their slags 
have one important char- 
acteristic, at once a disad- 
vantage and an = advan- 
tage, namely, great fluidity 
in the molten state. The 
disadvantage is that it is 
more difficult to make this 
highly fluid metal and slag 
stay in position in vertical 
and overhead joints; but 
at the same time, because 


of the greater fluidity, the 


metal once positioned 


should be more uniformly 


Hydraulic Turbine Runners Which Wear Rapidly From Cavitation 
Are Protected by a Layer of 18-8, Welded on and Ground Smooth 


dense and sound and have 
less chance of cold shuts 
or overlaps on the parent metal. The work, 
therefore, should be moved and placed so the 
welds can be deposited in the down position. 
Where heavy fillet welds are to be made, the 
“bare wire” operator can normally build up the 
complete thickness of fillet as he goes along, 
whereas the same fillet from an electrode coated 
heavily with mineral is made by depositing a 
number of thin layers until the proper thickness 
Each of these layers grain-refines 
The total time is usually less 


is reached. 
the layer beneath. 
because of the high rate at which the coated 
electrode deposits its metal. 

Fine grain and proper chemical composition 
are therefore responsible for surprisingly high 
ductility in the joints, even when the steel being 
joined 100,000 psi. strength. 
Aside from theoretical advantages, this has the 
very practical advantage that such a ductile weld 
internal 


possesses tensile 


will vield readily against 


Publications by J. C. Hodge may be consulted 
as to the properties of joints made with slag 
forming electrodes with automatic welding heads 
in pressure vessels with walls up to 414 in. thick 
where the weld metal is designed to match the 
plain carbon boiler and flange steel. Tensile 
tests on standard specimens cut out of weld meta! 
from such joints easily equal the best metal in 
boiler shells. Toughness, as measured by Charpy 
impact, is even superior. Chemical composition 
is also a good match (see table below). 

Uniformity and high quality are proven by 
the record of X-ray inspection. Since the Bab- 
cock & Wilcox shops have been equipped for 
welding, about 1400 steam boiler drums, 500 pres- 
sure vessels, and four major penstock construc- 
tions have been undertaken, on which about 
225,000 ft. of welded seam has been X-rayed 


Defects discovered have been very few and are 


stresses set up by the welding heat, 


even without the customary peening 


operation, and this smooths out stress 
concentrations which would cause a 
stiffer joint to crack even before it 
could be given a stress-relieving an- 
neal. It is not to be inferred that 
the most ductile weld will not need a 
stress-relieving heat at about 1100 
F.. but that the necessity for such an 
operation is due as much to stresses 
set up in the near-by base metal by 
the heat, as to residual stresses in 


the very joint. 
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Weld Meta/ Firebox Plate 
Physical Properties 
Tensile strength 67,000 psi averege| 55,000 to 68,700 ps 
Yield point 52,000 psi.average| 350,000ps/. aversge 
Reduction of eres 40% everege 
Llongation in Bin. 30% eversge 25 % 
Charpy impect range 20 to 45 ft-lb. 
everage 28 ft-lb. 20 ft-lb 
Enaurance limit 30, 000 psi. 57,000 psi. 
Chemica/ Properties 
Carbon 0.08 to 0.15 % 0.25 % Max. 
Manganese 0.30 to 0.60 0.30 to 0.50 
Phosphorus 0.04 max. 0.04 mex. 
Sulohur 0.045 max. 0.04 max. 
Nitrogen 0.020 max. 0.070 max. 
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The Welder 


the 


ARC WELDERS 


First with the now famous Remote Control —first 
in the development of practical Copper Arc 
Welding—first in Simplified Control. 


Hobart users know what it means to have a 
welder that enjoys the benefits that come from 
almost a half century of successful experience 
in the manufacture of electrical equipment. 


Investigate Hobart ‘’Simplified’” Arc Welders 
and the many savings they make possible no mat- 
ter what yourarc welding requirements might be. 


HOBART WAS FIRST WITH.... 


See our display in Space 105 
National Metal Exposition 
Port of Authority Bidg 
New York, N. Y 
Oct. 1st to Sth 


@ Remote Control @ Volt-Amp. Adjuster @ Diverter Pole Design @ Wide Welding Range 
@ Simplified Control @ 100% Welded Construction @ 40 Volt Ratings @ Suitability for all type electrode: 
@ Convenience of Handling @ Faster, Better, Low Cost Welding 


bs days use and trial in your plant, without obligation. Write for complete details and your copy of interesting manual on 40 Volt Arc 
elding. 


THE HOBART BROS., CO., (80x mP-104) TROY, OHIO 


“One of the world’s largest builders of Arc Welders” 


WELDERS 


Send me my copy of interesting # bolt Are Welding Manual 
im interested in items checked for use on 

Electric Drive Gas Engine “Build Your Own” 125 ame 
[}200 amp —|300amp 400 amp 30 days trial Easy Purchase Terms 


Name — 
Address 


Mail to Hobart Bros. Co., Box MP-104, Troy, Ohio 


. 
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steadily decreasing in number. Under the rigid 
requirements for pressure vessels, many of these 
repairs have been made in places which did not 
appreciably detract from the quality of the 
original joint. Experience in other shops mak- 
ing class I pressure vessels verifies these trends. 

Inspection of the table will indicate one in- 
teresting feature of welds made under slag- 
forming electrodes, namely, that the tensile 
properties (especially yield strength) are better 
than would be expected from the contents in 
‘arbon and other hardening elements. This is 
due to the extremely fine grain size obtained in 
multiple beads, and the slightly higher nitrogen. 

This anomaly is even more evident in weld 
metal which becomes slightly alloyed by reac- 
tions with the slag and base metal. Take for in- 
stance the following data furnished by J. H. 
Deppeler of all-weld metal deposited in a heavy 
joint of manganese-molybdenum steel. 


Weld Meta/\ Alloy Stee/ Piste 
Physica/ Properties 
Tensile strength 88,000 psi. 99, 000 psi. 
Yield point 76,000 psi. 66,000 psi. 
Reduction of area 52% 
f/ongation 23% in 15 % in Bin. 
Rockwell hardness \ C-15 to C-18 C-14 
Chemica/ Properties 
Cerbon 0.09 % 0.15 % 
Manganese 7.60% 
Silicon 0.40 % 
Molybdenum 0.50 % 0.40 % 


Evidence is available that weld metal of this 
sort, deposited in narrow grooves, mingles with 
alloy from the adjoining plate and matches it in 
high quality; joints in *4-in. material, for in- 
stance, developed the full strength of the plate. 


Stainless Steel Electrodes 


Welding of the various high chromium and 
high chromium-nickel alloys may be done with 
the oxy-acetylene flame, using metal of the same 
composition as the base metal and protecting 
it from chemical change with a properly adjusted 
flame and a correct flux. These two protectives 
are supplied to the electric are in the form of a 
correctly compounded coating. 

In many of the alloys the carbon must be 
under strict control, and electrode coatings in 
such cases must be free from all carbonaceous 
material. Coatings compounded of lime, silica, 
clay, and various chemical salts are trade secrets 
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of the manufacturers. Ingredients are usu. 
mixed with the minimum of water, applied to |< 
cleaned wire, and then carefully dried 9 4 
baked. Coloring matter is used to distingy.) 
between the various alloys. 

Electrical characteristics of these high alloys 
are sometimes unfavorable to the welding 
and while such a thing as sputtering can be put 
under control by the coating, it frequently can- 
not be entirely eliminated. So successful are 
some of these coatings that weld metal deposited 
from them is superior to commercial 18-8 in re- 
sistance to accelerated corrosion tests. 

Any analysis which can be drawn into wire 
can be converted into electrodes which de- 
posit sound metal of substantially the same 
chemical composition (barring a loss of about 
1‘. of chromium). The finer diameters of wire. 
even down to ;y in., are of importance, for many 
industrial applications require the welding of 
thin sheet. Electrical resistance of the alloys is 
usually several times that of low carbon steels, 
so short electrodes (usually bare at the center 
for gripping) are the rule. 

Leon C. Bibber has written, in The Book of 
Stainless Steels, about an extensive investigation 
of welding of 18-8 by the U. S. Navy. According 
to him, carbon can be kept down to 0.07% in the 
deposit, and no nickel is lost in the operation. 
Chromium, as mentioned, drops about 1%, and 
this is allowed for by using a higher chromium 
electrode wire, or by replacing it with more 
chromium from the covering. Nitrogen (which 
runs higher in the chromium alloys made in elec- 
tric furnaces than in plain steels) is not appre- 
ciably increased in the are. 

As to tensile properties, 18-8 weld metal in 
flat seams has 75,000 psi. ultimate strength and 
25'¢ elongation in 2 in., as compared with 85,000 
psi. and 60° respectively for commercial 18-8 
plate. Figures are slightly less favorable if sam 
ples are cut from vertical and overhead seams. 

Corrosion problems frequently reside in 
metal immediately alongside the weld rathe: 
than in the weld metal itself. This opens th: 
whole question of “weld decay,” which has been 
so extensively discussed. Suffice it to say her: 
that this problem (together with the air harden 
ing, grain coarsening, or embrittling of other a! 
loys by the welding heat) is characteristic of th: 
base metal itself and the way it reacts to hea! 
Solutions of such therefore, hay 
been derived from studies of the constitutio 
and heat treatment of the base metal rather tha 
from modifications of the welding technique. 
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“Shield-Arc“’ 


starring in 


SPECIAL 


PERFORMANCE 


Electronic Tornado” 


starring in 


Manual Welding Automatic Welding 
Metal Congress 


“Electronic Tornado” enjoys a record 
run wherever used for production weld- 


““Shield-Arc”’ stars in every perform- 
ance due to its uniform current, high KW 


capacity and high efficiency. Eight other 
features also help ““Shield-Arc’’ produce 
quality welds at lowest cost. No other welder 
has all the features possessed by ““Shield-Arc.’’ 


ALL STAR CAST OF ELECTRODES x 


Booth 102 


ing due to its cost-cutting, time-saving 
performance. Its shielded arc welds pipe, 
tanks, pressure vessels, barrels, automotive 
machinery parts for hundreds of manufacturers. 


For Mild Steel 


For Hi-Tensile Steel 
‘*SHIELD-ARC 


The most popular shielded arc rod on the market. 
Produces welds in any position—having tensile 
strength of 65,000 to 75,000 Ibs. per sq. in.—duc- 
tility, 20 to W per cent elongation in two inches— 
better than mild steel for resistance to impact, 
fatigue and corrosion—density 7.82 to 7.86 gr. 
perc.c. Speed of welding is two to three times 
faster than with ordinary rods. 


For Cast Iron 


‘“‘FERROWELD"’ 


Proclaimed by users to be the greatest rod ever 
Produced forcast iron welding. Welds havegreater 
tensile strength and ductilitythan cast iron.Weld- 
ing with” Ferroweld” creates less thermal disturb 
ance in the cast iron, resulting in less hardness 


For Light Sheet Metal 


There is hardly a ripple in welds made with this 
rod in 18 ga. to 24 ga. sheet metal. Speed of weld- 
ing is exceptionally fast with’ “Lightweld” which 
makes it very easy to handle as well as eco- 
nomical to use. 


A new shielded arc rod which makes welds of 
85,000 to 100,000 Ibs. per sq. in. tensile strength in 
high tensile steels. The ductility of the weldsis 15to 
20 per cent elongation in two inches. In mild steel, 
the welds have slightly lower tensile strength. 


For Aluminum 


Preferred by those who weld aluminum, Weld 
metal has unusually high density. Will not cause 
discoloration when welds are polished. The high 
quality of the welds produced by “Aluminweld” 
puts this electrode in a class by itself. 


For Wear Resistance 


For building up surfaces of non-austenitic steels 
to resist shock and abrasion this shielded arc 
rod produces welds of exceptional hardness and 
toughness—single bead on mild steel, 40 to 45 
Rockwell C: multiple beads 48 to 52 Rockwell C. 
On higher carbon steels the weld hardness is much 
greater. Very thin beads with smooth surface can 
be obtained easily with “Wearweld.” 


For 18-8 Staintess Steel 


Welds made with this rod when ground and 
polished cannot be distinguished from the base 
metal. The strength, ductility and corrosion re- 
sistance of the welds are virtually the same as 
18-8 stainless steel. 


For Manganese Steel 


A shielded arc rod which produces a flat bead 
with no surface checks. The high density weld 
is extremely tough and hard. The hardness in- 
creases when weldis cold worked. Wear resist- 
ance of welds made with Manganweld” is equal 
to that of heat-treated cast manganese steel. 


For Hard Surfacing 


On rail and similar steel “Hardweld"™ produces 
hard, tough, shock and abrasion-resistant sur 
faces. The hardness increases on cold working 
or quenching, yet the welds do not spall or check. 
Its flat beads reduce grinding to a minimum. 


ASK for private showing of any or all of these all-star welding performers on your work. 
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‘““LIGHTWELD’’ 
w.82 
THE LINCOLN ELECTRIC CO., Cleveland, Ohio 
LARGEST MANUFACTURERS OF ARC WELDING EQUIPMENT IN THE WORLD 


Experienced 
welders appreciate the 
uniformity of 
ANACONDA RODS 
for gas and electric 


weldin 


@ TOBIN BRONZE? (for gas welding) .. . the 
original low melting point bronze rod 
Widely recognized as ideal for the general 
oxy-acetylene welding of castand malleable 
iron. Saves time and money because of its 
low melung point—1625°F. 


@ £VERDUR® (for gas or electric welding) is a 
patented alloy of copper, silicon and man- 
ganese and has excellent welding characteris- 
tics. Makes high-strength welds on copper, 
brass, bronze and copper-nickel alloys. Also 
used on thin sheet metal. Melts at 1866°F. 


@ ANACONDA MANGANESE BRONZE (tor gas 
welding) produces a tough, strong bond, 
unusually resistant to wear. Especially adapt- 
ed for building up surfaces subject to abra- 
sion. Melts at F. 


@ ANACONDA PHOSPHOR BRONZE (tor gas and 
electric welding) is extensively used for 
electrically welding copper, brass, bronze, 
wrought, malleable and cast iron, low and 
high carbon steels. Melts at 1922°F. 


@ ANACONDA BRAZING METAL (for gas weld- 
ing) is a high-zine brass for welding where 
strength is not essential. Melts at 1706°F 


@ ANACONDA ELECTROLYTIC COPPER (tor gas 
welding) is recommended for welding cop 
per where high electrical conductivity 1s 
essential. Welds are quite ductile. Melts 
at 1981°F. 


e@ ANACONDA SILICON COPPER (tor gas or 
electric welding) is used to fabricate metal 
furniture and for other sheet metal work 
Requires no flux. Has a good electrical 
conductivity and makes a strong, sound 
weld. Melts at 1981°F 


*Trade-marks ‘Tobin Bronze” and “‘Everdur 
Reg. U. S. Pat. Of 


ALLOY welding rods 
... because of their strength 
and low melting points...are ex- 
tensively used for welding iron, 
steel, copper and copper alloys by 
both the oxy-acetylene and carbon 
or metal arc methods. The con- 
sistently high quality of Anaconda 
Rods explains their popularity with 
thousands of satisfied users who 
will accept no other brand of cop- 
per alloy welding rods. 

Each of the seven different 
Anaconda Welding Rods listed 
at the left has its individual char- 
acteristics. ..and each is particularly 
adapted to certain types of work. 
Most widely used is Tobin Bronze 
... because of its acceptance as the 
ideal rod for the general oxy- 


AN 


mone to consumer 


Offices and Agencies in Principal Cities 


: THE AMERICAN BRASS COMPANY 


General Offices: Waterbury, Connecticut 


acetylene welding of cast or mal- 
leable iron. With Tobin Bronze, 
which melts at 1625°F., preheat- 
ing is usually unnecessary. 

The uniform composition and 
unvarying high quality of all 
Anaconda Welding Rods are duc 
to the experience and technical 
knowledge of The American Brass 
Company — extreme care being 
exercised to prevent the inclusion 
of even the minutest quantities 
of undesirable impurities. All are 
available through leading dis- 
tributors of welding supplies . .. 
usually shipped in bulk, but also 
obtainable in clearly labeled ten- 
pound packages. And all are de 
scribed in Anaconda Publication 
B-13, mailed on request. 


In Canada: ANACONDA AMERICAN BRASS LTD., NEW TORONTO, ONTARIO 


ANACONDA WELDING RODS 
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Arc 


Welding 


ELECTRODES 


Maurath Processed 
Electrodes stand the 
most drastic test and 
service and produce an 
exact analysis without 
loss of elements or 
adding injurious in- 
clusions. 


Chromium 4% to 6% 
with tungsten or 
molybdenum, 


Chromium 15% 
Chromium 18% 
Chromium 28% 


Chromium 18% and 
Nickel 8% Carbon 
under .07 also with 
titanium. 


Chromium 18% and 
Nickel 8% Silicon 


Chromium 18% and 
Nickel 8% Molyb- 
denum 214%, Carbon 
under .07 


See me at the National Metal Con- 
gress for first hand information on 


welding of Stainless and Heat-Re- 


sisting illovs. 


Whitey Maurath 


If you weld stainless 
alloys buy from the 
oldest company pro- 
ducing Alloy Electrodes 
exclusively and sery- 
ing the world’s leading 
steel producers and 
users. 

Chromium 24% and 


Nickel 12% 


Chromium 299 and 
Nickel 9% 


Chromium 15% and 


Nickel 35% 


Chromium 159% and 
Nickel 60% 


Chromium 209% and 
Nickel 80% 


Chromium 259% and 
Nickel 18% Silicon 
214% 


Chromium 209% and 
Nickel 25% Silicon 
212% 


MAURATH, Inc. 


7500 Union Ave., Cleveland, Ohio 


OCTOBER, 1934 
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SHAWINIGAN 


PRODUCTS 
CORPORATION 


Manufacturers of 


SHAWINIGAN 
CARBIDE 


EMPIRE?STATE BUILDING 
NEW YORK CITY 


= Eisler Spot Welders 
will reduce your manufacturing costs 
12 SIZES 
¥% to 100 K.V.A. 


Foot 
Operated 


Electric 


Wire, 


Saw Brazing Machines, Butt 
Portable and Special Welders 


Timers and Accessories 


Eisler Engineering Co. 


Motor 


763 So. 13th St. Newark, N. J. Driven 
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your problem is the 
welding of stainless 


CONSULT 


THE BOOK 


OF 


STAINLESS 
STEELS 


Corrosion Resisting and 
Heat Resisting Chromium Alloys 


Nothing But 
Laudatory Reviews ! 


‘*For such an ambitious undertak- 
ing this book might have been called 
‘The Book of Knowledge of Stainless 
Steels... The aggregate experience, 
largely practical, here recorded by 75 
experts is enormous.’’—Leslie R. 
Bacon, Journal, Franklin Institute. 


‘*Until the present there has been 
no book affording a comprehensive 
picture of American practice and 
usage. Mr. Thum, the editor, is to 
be heartily congratulated for having 
performed a real service to fabricators 
and consumers of stainless.’’—Amer- 
ican Machinist. 


‘*All About the Chromium Steels! 
This book is literally an encyclo- 
pedia.’’—Bradley Stoughton in Min- 
ing and Metallurgy. 


Price $5.00 


American Society for Metals 


7016 Euclid Ave., Cleveland 
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AIRCO-DB No. 1 


a new member of 

the AIRCO-DB 
Oxyacetylene 

Cutting Machine family 


TRACTOGRAPH 


SEE our Big 
working 
exhibit 

at the 
NATIONAL 

METAL 
EXPOSITION 


New York City 
Oct. 1st - 5th 


PIONEERS IN DEVELOPING OXYACETYLENE 


This small, compact machine opens up new 
fields for the use of MACHINE GAS CUTTING. 
It makes possible the cutting of steel plates 
and slabs into shapes having straight, circular 
or irregular outlines and extending over prac- 
tically unlimited areas. It cuts beveled as well 
as perpendicular edges. 


It is motor propelled and can be quickly ad- 
justed to travel at any speed from 2% to 36 
inches per minute. As it travels it is guided by 
hand along the desired contour laid out and 
scribed directly on the plate or slab. 


An entirely new principle in cutting machine 
drive, combined with other features which 


enable the operator to change the direction of 
the machine with exceptional ease, makes it 
possible to turn sharp corners and to follow 
both simple and intricate contours with un- 
usual accuracy. 


Measuring only 7% x 8% x 16 inches and weigh- 
ing but 48 pounds, the TRACTOGRAPH can 
be easily carried about and used wherever 110 
volts A. C. or D.C. are available. 


WRITE for the TRACTOGRAPH Bulletin 


. It gives full details of the machine and 
the work it will do. Write for your copy—today. 


AIR REDUCTION SALES COMPANY 
General Offices: 60 East 42nd St., New York, N. Y. 


District Offices and Distributing Stations in Principal Cities 


CUTTING PRACTICE AND MACHINES 


OCTOBER, 1934 
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announces 


new Clutch 


ATIONAL Forging Machines can now be supplied with a new simpli- 
fied air operated friction clutch as alternate equipment for the regular 
quadruple abutment starting and stopping clutch. 
This provides a quick-acting, smooth and quiet driving mechanism, and 
eliminates all noise and shock. Its multiple discs are of unusually large 
area to lessen unit pressure and maintain a low operating temperature. 


The National “Friction-Slip Relief” permits the use of an oversize air 
clutch which need not serve the double purpose of a driving means and a 
relieving mechanism, as generally employed. 


This clutch is also available for National Forging Machines now in 


service. 
National High Duty Forging Machines are sold by 
CHAMBERSBURG-NATIONAL 
COMPLETE FORGING EQUIPMENT 
CHAMBERSBURG, PA CHICAGO TIFFIN, OHIO 
NEW YORK, 152 West 42nd St 565 West Washington St DETROIT, Book Bidg 


THE NATIONAL MACHINERY CO. 


TIFFIN, OHIO 
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ORGING and af 
PRESSING 


@ Forging machinery has been made more 


precise and more responsive to operator and 

this has also been matched by improved cold hy 

heading and coining machinery . . . Fast forging : 

has been effected by automatic feed, by ganging 

into a string, and by doing more work in a single , 

stroke . . . Steels have been improved as to 

grain size control, in order to stand maximum : 

work and still be easily machinable . . . 
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@ ABOVE: 6-inch Forging Ma- 
chine Crank. Weight, 7,200 lbs 
AT RIGHT: Four-Throw Crank 
tor High Speed Racing Car Motor 
Weight, 50 Ibs 


and repeated shock . . se- 
vere tortional strain... abrasion.. play havoc 
with machinery parts. Regardless of size or 
design, we can supply a forging from a type 
of MO-LYB-DIE Steel (heat - treated) that 
will prolong the life of your equipment. 
It'll be a forging high in physical proper- 
ties..of unusual ductility ..excellent: ma- 
chining qualities .. and processed by the 
methods developed by this company as the 
ORIGINATOR of Chrome - Nickel -Molyb- 
denum Steels. 
MO-LYB-DIE Products include: Miscellan- 


eous Forgings up to 60,000 lbs. each. Your 
problem interests us. Send us your drawings! 


@ ABOVE: One-Piece Dipper Tooth for 
16 Cubic-Yard Bucket shown in insert. 
Weight of Tooth, 750 Ibs. He., 5 ft., 6 in. 


»» Write for our « « 
Milustrated Catalog 


WAY A. FINKL & SONS CO. 


Chicago 


Lilinois 
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ANUFACTURERS of forging machinery 
are constantly improving the equipment so that 
more accurate parts may be made in them at 
greater speed and with less fatigue to the work- 
men. Some interesting developments in fast 
forging by automatic feeders and in multiple 
dies have also been recorded. Simultaneously 
furnace builders have come forward with de- 
vices for heating the billets more uniformly and 
with littl or no scale. Much has also been 
learned concerning the mutual relationships be- 
tween grain size in the steel, its forgeability, and 
its machinability. 

All in all, recent years have been interesting 
ones for the forging industry and their custom- 
ers. There has been the above accumulation of 
factors making for excellence and economy. 
Progress has really been necessary for self-pres- 
ervation, as other portions of the metal industry 
are also advancing, technically and metallurgi- 
cally, to a point where forgings are meeting new 
competition from high test gray iron and alloy 
steel castings, short cycle malleable iron, and 
welded stampings. 


More Precise Machinery 


Aside from the effort of manufacturers to 
make presses and forging machines quicker act- 
ing, handier for the operator and more respon- 
‘ive to him, (matters which increase the speed 
{ production) there is a noteworthy advance 
n those factors which make for precision in the 
product. 
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ADVANCES IN... 


FORGING PRACTICE 


AND MACHINERY 


In all this equipment where heavy pressure 
is put on the work, either by a squeeze or a 
rapid blow, the deflections in the frame have to 
be carefully considered. In forging machines 
and upsetters, for instance, the frame has been 
shortened to decrease the amount of metal in 
tension, deepened to reduce the bending mo- 
ments, and made into a massive one-piece unit 
with necessary openings carefully studied to 
avoid stress concentrations. An instance was 
cited by Everett Chapman in the Lincoln Prize 
Competition where a 70,000-lb. frame for a forg- 
ing press which stretched 0.029 in. in frame and 
bed under full 500-ton pressure was redesigned 
for steel slabs, saving 30,000 Ib. of the weight, 
and, owing to better disposition of metal and 
distribution of stress, the maximum movement 
or spring at the dies was only 0.012 in. Of 
course, parts produced in such machinery are 
proportionally closer to dimension. 

Slides, for carrying moving dies, must be 
long and as narrow as safe stresses permit, to 
reduce the tendency to rotation (“cocking”) and 
properly engineered to take care of the moder- 
ate increase in temperature within the machine 
during operation, and to avoid undue wear from 
entrapped scale. Motions are also designed so 
the dies can grip the hot blank long enough to 
gather the metal into depressions, but not an 
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instant longer, else there will be an immediate 
Modern 


constructional steels and alloys also lend them- 


jump in the cost of heat-checked dies. 


selves to the improved machinery in such ways 
as heat treated steel castings for frames, and 
highly stressed operating parts, high test and 
close grained gray iron for wheels, slides and 
guide plates which must resist wear, steel slabs 
flame cut to shape for yokes, nickel bronze bush- 
ings for high pressures, and ground forged pins 
and cams for main bearings, and forged steel 
tie rods and bolts, shrunk in place. 

Such items as the above are responsible for 
an inerease in accuracy of performance which 
sharply differentiates the precision forging of 
today from the best available only a few vears 
ago. These forgings, whether made hot, cold or 
at intermediate temperature, are not only accu- 
rate in dimension, but are quite free from parting 
line flash (due to dies springing open under 
pressure) and may be made with deeply pierced 
holes, accurate to line, or split in a way that 
formerly was done only by sawing. 

Another advance in accurate forging has 
come about during the last three or four years 
by the use of solid rather than split dies. The 
work is restricted to fairly simple shapes (such 
as the grinding balls for which solid dies were 


Transportation Industries Have Always Insisted 
on High Grade Forgings (Photo by Rittase) 


first used) and those which have no unde; 
or channeled portions which would prevent th 
Like, 


the dies must be blown clean of cooling wa 


from being knocked out of a solid die. 


with compressed air just before the hot s 
enters them, else a steam pocket will form a 
produce an unfilled forging. 

Good engineering throughout the entire for 
plant is necessary for most accurate resu! 


Furnace builders have cooperated with furnaces 


capable of heating the billets to forging tem): 
atures without scale, either by electrical heat 
controlled atmosphere, or rotary or slot-type fur 
naces fired with diffusion combustion burners. 


(Much might be said about the necessity for 


more adequate furnaces in many forge shops.) 
Temperature control is essential, in order that 
steel and dies may not be overheated, vet the 
blank be uniformly hot enough to fill properly. 
Another powerful aid to good forging is stee! 
with proper grain size. 

Similar considerations affect the accuracy of 
drop forgings. A. M. Steever analyzed this prob- 
lem in an article for Mera ProGress in Novem- 
ber, 1930, as it applies to a simple forging, 8 in. 
by 2 in. made to a tolerance of ;y in. (about 
0.016 in.). 

The normal clearance between the ram and 
guides of a steam or board drop hammer is 0.006 
in. The twisting action of the ram due to this 
clearance, if the die impression is off center, is 
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the clearance as the length of the forging, 
ont to back, is to the width between guides. 
vberefore, if the distance between guides is 20 
0.0024 in. variation is probable in addition 
, guide clearance. There must also be some 
learance between the frames and anvil to pre- 
-ent the frames from “walking upward.” This 
clearance is about 0.001 in. Another cause of 
variation is temperature. As the work goes 
steadily on, the dies normally would increase 
300 F. in temperature. This heat passes pro- 
eressively through the upper die to the ram, and 
through the lower die to the sow, the anvil and to 
the frames. Due to this temperature differential, 
each part is tending to loosen its connections 
with the next part; for instance, the dies expand 
from their dowels, the dowels loosen, and so on. 
The total of these variations due to temperature 
accounts for another 0,001 in. 

Adding together all the expected errors due 
to play in the hammer gives 0.0104 in., leaving 
but 0.0052 in. (or one-third of the originally speci- 
fied tolerance) to care for variations in forging 
temperatures, wear of dies, normal wear in the 
hammer, and all other variables. This is a very 
small margin. The makers of hammers are im- 
proving the design of their equipment, but fin- 
ished forgings can be made to fine dimensions 
only by coin pressing or cold hammer restrike. 
The expense of this would be warranted where 
expensive machining operations are saved. 

More accurate cold heading machinery is 
also being constructed along the same general 
lines of improvement outlined above. One most 
interesting proposal is to synchronize a_ wire 
drawing machine with a cold header, thus en- 
abling the bolt maker to purchase hot rolled rod 
at a considerable price differential; give it an 
accurate sizing by reducing it say ,'; in. in diam- 
eter in a tungsten carbide die, and feed it directly 
into the header. Such a plan should also cut 
down the scrap made before the header can be 
adjusted to a new coil of cold drawn wire of 
slightly different diameter, and also should de- 
liver cold drawn rod to the heading die, some- 
what warmed and properly coated with lubri- 
cant (something which may be damaged or 
dirtied during the trip from drawing plant to 
bolt factory). 

A review of methods used at the Ford plant 
for speeding up the output of forging machines 
vas published in Merat ProGress as recently as 
last May, so it is hardly necessary to do more 
‘han mention the lines along which it is progress- 


ng. Faster forging comes about by reducing 
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the number of blows necessary to change the 
bar into a gear blank, for instance, or by auto- 
matic machines for feeding the bar through the 
progressive die impressions, so that each die is 
operating on each stroke. The first plan involves 
upsetting in a closed die in a single stroke; the 
limitations here are the somewhat simple shapes 
which may be produced and the resistance of the 
die — work must pause after six or eight forg- 
ings are made in order to cool the dies. 

The automatic feeder is on a machine for 
upsetting a gear on the end of rear axle drive 
shafts. -It works in connection with a transfer 
table leading from a continuous heating furnace. 
Obviously the main limitation here is a volume 
of production which will keep such a unit oper- 
ating a large enough proportion of the time to 
warrant the expense of such specialized equip- 
ment. Three men are required, and best produc- 
tion in an &-hr. day has been 5600 axles. 

Automatic feeding of gas engine valves 
through upsetters has also been tried at more 
than one plant, but indifferent success is re- 
ported. Other efforts to improve production 
on valves have been to redesign the dies and 
select a steel which can be gathered into the re- 
quired shape in a fewer number of strokes. 

Forging of two or more small pieces simul- 
taneously under a drop hammer, later to be 
trimmed from the flash, is an old story. In the 
most ambitious effort in this way known to the 
writer the die had 12 roughing and 12 finishing 
impressions cut in it, and was operated by two 
forgemen to make simultaneously two strings 
of six rocker arms for a gas engine. Expected 
maximum production was 240 forgings per min., 
but apparently this is somewhat beyond the ca- 
pabilities of multiple dies, as the operation was 
abandoned. 

Still another promising method of fast forg- 
ing, developed by A. O. Smith Co., utilizes a long 
bar, heated from end to end, and fed step by 
step forward through a forging press, having 
three dies properly spaced. The first is a break- 
down impression, the second is a forging die, 
and the third is a trimmer. 

All these schemes for multiple forging in- 
volve a problem in trimming — if forgings are 
to be cut out of the flash as a gang, the drop 
in temperature from the last forging step to the 
trimming operation must be constant, else va- 
riable cooling contraction will misalign the work. 
This means forging and trimming at closely con- 
trolled temperatures — not always an casy thing 
to insure in plant operation! 
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Another limitation of fast forging hinted 
above is the heat resistance of the dies. All 
modern forging machinery can operate (mechan- 
ically) at a steady rate which will ruin the dies 
from heat checking in short order. Until this 
detail is taken care of by the alloy steel metal- 
lurgists, it will always be necessary to slow down 
the machines to a point where lost production 
balances cost of more rapid die replacement. 


Steels for Forging 


Messrs. Cederleaf and Sanders have made 
a notable contribution to the rational study of 
“fiber” and the properties of forging. These are 
more properly called flow lines, for they appear 
in a deeply etched cross-section of a forging and 
are suggestive of the way the metal flows under 
pressure to fill the dies. 

Their studies on transmission gears indicated 
that the flow lines were less and less in evidence 
as the metal was more and more strongly com- 
pressed in the dies, and that these strongly com- 
pressed steels normalize more uniformly and 
can be machined at greater feeds and speeds. 

This indicates that the forging machinery 
and all preliminary operations must be unusu- 


ally precise. In an effort to get a well-filled d 
it is important, for instance, that the slug be n 


a bit too large or a bit too cool, else very hea 
strains will be set up in the machinery, and ; 
sult in larger repair bills in the forge shop tha 
the saving in enhanced machinability. 

Grain size of the steel also has a pronounce: 
effect on its forgeability, either hot or cold. . 
pointed out by R. L. Wilson in August’s Mer) 
ProGress, a steel which retains its fine grain a| 
forging temperatures will not flow as easily as 
one which is coarse, and this will require mor 
blows under a hammer or more power in a press 
or forging machine. On the other hand, it is 
stronger at temperature and will 
high deforming rate without developing defects. 

Structure and uniformity, in the opinion of 
H. B. Pulsifer, are more important for cold head- 


endure a 


ing than grain size of the metal. He shows in 
the March, 1933, issue that steels up to 0.65' 
carbon may be headed without “interfering too 
much with the manufacturing routine” provided 
they contain well-developed ferrite — the duc- 
tile constituent that deforms plastically during 
the operation. Non-ferrous alloys, similarly, 
should have a preponderance of ductile solid 


solution comprising the microstructure. 


AIRCRAFT 
AUTOMOTIVE 
MACHINERY 
AND 
MISCELLANEOUS 
FORGINGS 
1-8LB To LBs 


SALES OFF Es 
NEW 
BOSTON 
DETROIT 
PITTSBURGH 
CLEVELAND 
PHILADELPHIA 
INDIANAPOLIS 
CINCINNATI 


ENDICOTT FORGING & MFG. CoO., Inc. 


ENDICOTT, N.Y. 


MANUFACTURERS OF 


ANY ANALYSIS 


DROP ano UPSET FORGINGS 


CARBON USED 
ALLOY 
STAINLESS THE 
TOOL STEEL MODERN HEAT TREATING WORLD 
weaned EQUIPMENT ELECTRICALLY CONTROLLED OVER 


SPECIALISTS IN GEAR FORGINGS WITH CONTROLLED GRAIN FLOW 
TO MEET YOUR CHEMICAL AND PHYSICAL SPECIFICATION 


Ire Jorging Seople are here lo ay 
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THE AJAX MANUFACTURING COMPANY 


ULMINATING four years of intensive de- 
velopment work in a field in which this 

company and its founders have pioneered for 
fifty years, we are pleased to announce the 
AJAX AIR CLUTCH FORGING MACHINE 
in a complete line of seven standard sizes from 
2” to 7” inclusive. 

The Air Clutch, a novel and original Ajax 
contribution to forging machine construction, 
gives quick-acting, effortless tripping resulting 
in considerably increased outputs, while max- 
imum rigidity and aceurate alignment, with 
provision for maintaining same over long 
periods of operation, improve the quality and 
facilitate the production of an increased variety 
of both simple and intricate upset forgings. 


EUCLID BRANCH P. O., CLEVELAND 
CHICAGO OFFICE: 621 MARQUETTE BLDG. 


CTOBER, 1934 


4a A nHEW 
161 


.-- By Leaders in the 
Metal Cutting Industry 


. for Fast, Accurate 
Production Runs! 


mulsifyin 


CUTTING OIL 


e Step Your Machines Up to 
Rated Capacity with Sunoco 


The high speed, flexibility and fast metal-remov- 
ing capacity of modern machine tools are util- 
ized to their fullest extent only when a cutting 
oil of known quality and proven worth is used. 


With Sunoco Emulsifying Cutting Oil, in- 
creased machine speed, longer runs per tool 
grind, less lost time for resetting, greater 
accuracy and better finish are made possible. 


OIL COMPANY PHILADELPHIA 100 cities 


sidiary Companies: Sun Oil Co., Ltd., Montreal + British Sun Oil Co., Ltd., London, England 
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e Protects Against 
Skin Infections 


Sunoco is hygienic. Bacterio- 
logical tests prove thatitwill 
not permit the develop- 
ment of pus-forming bac- 
teria, or pathogens which 
cause skin inflammation. 


We suggest a test in your 
own plant under your own 
operating ¢ -onditions. Our 
cutting oil engineers will 
gladly work with you. 
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.SK FOR THESE 


HELPFUL BOOKLETS 


ast-Culting Steel 


Bliss & Laughlin, Inc., offer an 
eresting technical folder on UI- 
Cut Steel, giving performance 
cords of this high-speed screw 
ck on automatic screw machines. 
vsical data and micrestructures 
e« presented. Bulletin Ob-42. 


New Way to Case Harden 


Chapmanizing, the new method 
of surface hardening steel with ni- 
trogen, is described in a very at- 
tractive booklet of Chapman Valve 
Mfg. Co. Information is given out 
on the method itself and on its 
metallurgical advantages. Bulletin 
Ob-8S0. 


Metallograph 


\ new 36-page booklet of E. Leitz, 
Ine., contains all information on the 
Leitz large Micro-Metallograph, 
MM 1. Excellent photomicrographs 
ire. reproduced to show its ¢a- 
pacity. Special attention is given 
to the darkfield illumination fea- 
ture. Bulletin Se-47. 


Shielded Arc Welding 


Lincoln Electric Co. offers a very 
fine descriptive booklet describing 
the process of welding with a 
shielded are. Text and illustrations 
are designed to acquaint engineers 
with the possibilities of the proc- 
ess. Bulletin Ob-10. 


Torsion Impact Tests 


Baldwin-Southwark Corp. makes 
available a folder of technical in- 
formation on their Carpenter tor- 
sion impact testing machine, show- 
ing how to operate it and indicat- 
ing the types of investigation the 
machine will serve. Bulletin Ob-67. 


Shear Knives 


\n easy-to-read folder of Brae- 
burn Alloy Steel Co. gives reasons 
for the fine performance records 
of their shear knives and illustrates 
the many types of knives available, 
with recommended applications of 
each. Bulletin Ob-82. 


induction Drying Ovens 


\jax Electrothermic Corp. tells, 
a new folder, how the principle 
induction heating is applied to 
int, enamel and lacquer drying 
ens. Advantages are explained 
pictured. Bulletin 
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Grinding Wheels 


Carborundum Co. has prepared 
a handsome, 48-page booklet which 
is a treatise on the dressing and 
truing of grinding wheels. All who 
supervise grinding operations will 
find it valuable. Bulletin Ob-57. 


Pyrometer Accuracy 


A thought-provoking folder of 
Hoskins Mfg. Company explains 
how the use of Chromel-Alumel for 
pyrometer lead-wires makes it pos- 
sible to take full advantage of mod- 
ern pyrometric instruments.  Bul- 
letin Ob-24. 


Alloy Steel Data 


A helpful collection of data on 
Hy-Ten alloy steels is offered by 
Wheelock, Lovejoy & Co. For each 
type information is presented on 
uses, heat treatments, properties 
and shapes available. Bulletin Ob-74. 


Heat Treating Baths 


The complete line of heat treating 
baths made by A. F. Holden Com- 
pany is described in an interesting 
folder which fully discusses each 
type and gives general recommenda- 
tions. Bulletin Ob-55. 


Cast Tool Steels 


The advantages of cast-to-shape 
tool steels are told in a series of 4 
folders of Detroit Alloy Steel Co., 
covering their Krokoloy, Carbo- 
mang, Castaloy and Martin Steel 
tool materials. Simply ask for Bul- 
letin Ob-86. 


Pyrometer Supplies 


Claud S. Gordon Co. offers a large 
catalog giving prices and descrip- 
tions of the great variety of py- 
rometers and pyrometer accessories 
carried in stock for quick delivery. 
Bulletin Ob-53. 


Heat Resisting Alloy 


Ohio Steel Foundry Co. offers an 
elaborate booklet covering the pro- 
duction of Fahrite heat resisting 
alloy castings, illustrating their 
many uses and giving comprehen- 
sive metallurgical data. Bulletin 
Ob-40. 


The Prevention of Rust 


“Proof of Results” is the apt title 
of a new booklet issued by Dear- 
born Chemical Co. Dozens of pho- 
tographs, supported by an _ inter- 
esting text, show how No-Ox-ld 
keeps steel from rusting. Bulletin 
Mr-36. 


(Continued on next two pages) 


Arc Welding Manual 


Hobart Bros. offer a new edition 
of their manual of simplified arc 
welding. Chapters cover the arc, 
welding equipment, types of welds, 
weldability of metals, choice of 
electrodes, the carbon and metallic 
ares, speed and cost of are weld 
ing. A useful book. Bulletin Ob-20, 


Couditioned Atmosphere 


W. S. Rockwell Co. has issued a 
folder on their conveyor, belt-type 
furnace with conditioned atmos- 
phere for handling most metals in 
bright and scaleless hardening. Ad- 
vantages are clearly shown. Bul 
letin Ob-34. 


Free Cutting Steel 


Jones & Laughlin Steel Corp. has 
published in attractive booklet form 
a record of 15 years of research by 
their metallurgical department into 
the machinability of free cutting 
steels. Bulletin Ob-50. 


Die Steel Facts 


A. Finkl & Sons Co. has collect- 
ed a great deal of information on 
their Mo-Lyb-Die steels and Durodi 
hot work steel, presented in such 
form as to be a handbook on all 
phases of the subject. Bulletin 
Ob-23. 


Forging Machines 


National Machinery Co. has pub- 
lished a large and very attractive 
booklet which by excellent illustra- 
tions and well written text tells how 
forging machines are built and why 
they produce accurate forgings. 
Bulletin Ob-14. 


Reports on Firebrick 


Babcock and Wilcox Company 
offer a very complete set of Service 
Reports on Insulating Firebrick. 
These reports contain valuable data 
on adaptability of refractories and 
savings possible. Bulletin Ob-75. 


Stainless Steel Uses 


The wide range of applications 
of Allegheny Metal, best known of 
Allegheny Steel Co.’s corrosion and 
heat resistant steels, is pictorially 
covered in a new and interesting 
booklet. Bulletin Ob-92. 


Welding Regulators 


A new booklet on oxacetylene 
welding and cutting pressure regu 
lators and regulation problems is 
offered by the Air Reduction Sales 
Co. A real engineering treatise on 
this subject. Bulletin Ob-69. 
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ASK FOR 


THESE HELPFUL 


BOOKLETS 


Cutting and Grinding 

Sun Oil Company have prepared 
a folder showing cutting and grind- 
ing operations with facts on use of 
oils in these operations. Bulletin 


Ob-52. 


Non-Ferrous Annealing 

General Electric Co. describes 
bell-type furnaces for annealing 
non-ferrous metals in a new folder 
which gives many data on opera- 
tion and performance. Description 
is from technical rather than sales 
angles. Bulletin Ar-60. 


Thermit Welding 


Metal & Thermit Corp. offers a 
new booklet showing all the pos- 
sibilities of Thermit welding, ex- 
plaining the action, and telling in 
detail how representative Thermit 
welds can best be made. Well illus- 
trated and clearly written. Bulletin 
Ar-64. 


Hardening at 2500°F. 


C. I. Hayes, Inc., describes their 
Certain Curtain electric furnace for 
hardening alloy and high speed 
steels in the range 1850-2500° F. 
Emphasis is laid on the features of 
Hayes Certain Curtain atmosphere 
control. Bulletin Jy-15. 


Manual of Pyrometry 

Brown Instrument Co. offers an 
elaborate manual which describes 
the 50 exclusive features of their 
potentiometer pyrometer. The book 
will greatly interest those who must 
maintain accurate’ temperature. 
Bulletin Jr-3. 


New Furnace Control 

A new and unusual instrument 
for controlling heating rate of elec- 
tric furnaces is announced by Lind- 
berg Steel Treating Co. An inter- 
esting folder tells how this device 
“turns down the heat” on any size 
electric furnace. Bulletin Ar-66. 


Bright Annealing 

Illustrated bulletin showing vari- 
ous continuous and batch type elec- 
tric furnaces for bright annealing, 
copper brazing, strip annealing, 
wire annealing, etc., also the Ajax 
Electric Ammonia Dissociator for 
producing hydrogen for furnaces 
using a reducing atmosphere is of- 
fered by the Ajax Electric Co. Bul- 
letin Ob-43. 


Alloy Castings 

Michigan Steel Casting Company 
has a new bulletin which gives de- 
tailed information on the proper- 
ties and uses of their various alloys 
for resisting stains, heat and cor- 
rosion. Bulletin Ob-84. 
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Optics in Metallurgy 


Many uses for optical instruments 
in metal working are described in 
a new booklet of Bausch & Lomb 
Optical Co. Photomicrography is 
prominent, but this well illustrated 
booklet shows many other inter- 
esting optical instruments. Bulle- 
tin No-35. 


High Strength Steel 

Cromansil steel, a development of 
Electro Metallurgical Co., has high 
strength and good ductility “as 
rolled” and is thus fine for struc- 
tural applications where its great 
strength saves much dead weight. 
Bulletin Je-16. 


Uses of Molybdenum 


Climax Molybdenum Co. offers a 
useful 50-page booklet showing the 
benefits conferred by alloying mo- 
lvybdenum with iron and steel. The 
engineering data presented § are 
made clear by many tables and il- 
lustrations. Bulletin Au-4. 


11 Stainless Steels 

Pertinent facts on 11 different 
types of Bethadur and Bethalon cor- 
rosion resisting steels are presented 
in a 40-page Bethlehem Steel Co. 
booklet. Advantages and limitations 
of each type are frankly presented. 
Bulletin Fb-76. 


Aluminum vs. Corrosion 

In a carefully prepared booklet 
of Aluminum Co. of America, effects 
of various corrosive agents upon 
aluminum and its alloys are de- 
scribed in detail. It is an excellent 
source of information en this sub- 
ject. Bulletin Sp-54. 


Hardness Testing 


Men interested in hardness test- 
ing may find it worth while to read 
the recent catalog of Wilson Me- 
chanical Instrument Co. which de- 
scribes the latest design of Rock- 
well hardness testers and auxiliary 
work supports. Bulletin Sp-22. 


Big-End-Up 

Gathmann Engineering Co. briefly 
explains the advantages of steel cast 
in big-end-up ingots, showing the 
freedom from pipe, excessive seg- 
regation and axial porosity. An 82% 
ingot-to-bloom yield of sound steel 
is usual. Bulletin Fe-13. 


Blast Cleaning 

A rugged blast cleaning cabinet 
for rapidly cleaning smali work is 
described in a recent folder of 
Pangborn Corp. Full information 
on the opetation of this machine 
is presented; many drawings and 
pictures are included. Bulletin 
Je-68. 


Homo Tempering 


Leeds & Northrup Co. introduces 
a specialized Homo furnace fo; 
tempering heavy, dense loads of 
small particles. Production can he 
multiplied as much as four times. 
Complete description is given in 
Bulletin Je-46. 


Carburizing Boxes 


Driver-Harris Co. devotes a folder 
to Nichrome cast carburizing boxes, 
Physical properties at room tem- 
perature and under operating con- 
ditions are given, as are the advan- 
tages of Nichrome castings for such 
service. Bulletin Jr-19. 


Kanthal Alloys 

S.K.F. Steels, Inc., offer a descrip- 
tive booklet on Kanthal alloys. Cer- 
tain of these alloys may be used as 
resistance elements; others are for 
furnace parts or other heat resist- 
ing applications. Full details are 
given in Bulletin Je-78. 


Structural Bronze 

Olympic Bronze, a high copper 
alloy containing silicon and zine, 
is suggested by Chase Brass & Cop- 
per Co. for structural and engineer- 
ing purposes. A new booklet gives 
many interesting details about iis 
use. Bulletin M-59. 


Copper Welding Rods 
American Brass Co. describes in 
complete detail the welding proper- 
ties and individual characteristics 
of 14 different copper alloy weld- 
ing rods. The 16-page booklet also 
makes specific recommendations of 
welding procedure. Bulletin Je-89. 


Heat Controller 

As a companion instrument to 
their new indicating pyrometer, 
Foxboro Co. has introduced a new 
and inexpensive temperature con 
troller which is dependable and 
easy to operate. Close control of 
temperatures is possible. Bulletin 
Mr-21. 


Atmosphere Furnaces 

An interesting folder of Surfac: 
Combustion Corp. gives perforn 
ance data on their atmosphere fur- 
naces in actual production brigh! 
annealing of ferrous and non-fe! 
rous metals and carburizing, nitric 
ing, forging and hardening with 
out scale. Bulletin De-51. 


Pickling Inhibitors 

A pamphlet describing the |! 
ture and use of Grasselli Inhibit 
is offered to those interested 
pickling. A feature is a table 
inhibitor strengths recommend 
for pickling various steels. 6 
letin Ap-95. 
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‘inc Plating 

Those interested in patos will 
nd interesting material in a book- 
t of the R. & H. Chemicals Dept. 
f du Pont which describes plating 
vith Duozine, a mercury-contain- 
ng zinc anode with marked pro- 
juction properties. Bulletin Ar-29. 


lesting with Monotron 


Shore Instrument & Mfg. Co. of- 
fers a new bulletin on Monotron 
hardness testing machines which 
function quickly and accurately un- 
der all conditions of practice. Bul- 
letin Je-33. 


Cold Drawn Shafting 


Union Drawn Steel Co. has an 
interesting and attractive booklet on 
cold finished shafting. The com- 
plete story of its manufacture is 
told, and recommendations for spe- 
cific applications are given. Bul- 
letin Ar-83. 


Nickel Cast Iron’s Uses 


The role of nickel and nickel- 
chromium cast iron parts in such 
applications as fabricating sheet 
metal, pressing and forging is in- 
terestingly explained in a new pam- 
phlet of International Nickel Co. 
Bulletin Ag-45. 


Oxwelding Stainless 


Linde Air Products Co. has pub- 
lished a handbook of instructions 
for successfully welding corrosion 
resisting steels by the oxy-acetylene 
process. Welding procedures and 
weld treatments are carefully ex- 
plained. Bulletin Jy-63. 


X-Rays in Industry 


General Electric X-Ray Co. has 
available a profusely illustrated bro- 
chure which gives the complete 
story of the industrial applications 
of X-Rays, the modern inspection 
tool. Bulletin Ma-6. 


Heat Resisting Alloys 


Authoritative information on al- 
loy castings, especially the chro- 
mium-nickel and straight chromi- 
um alloys manufactured by General 
Alloys Co. to resist corrosion and 
high temperatures, is contained in 
Bulletin D-17. 


Controlled Steels 


Carnegie Steel Co. has published 
a very interesting booklet which 
describes in some detail the process 
control used in the production of 
uniform steels. Bulletin Je-85. 


Titanium in Steel 


The use of ferro carbon-titanium 
in steel is thoroughly described in 
1 booklet of Titanium Alloy Mfg. 
Titanium’s application in forg- 
ings, castings, rails, sheets and 
plates is interestingly explained. 
Bulletin M-90, 
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X-Rayed Alloy Castings 


Electro Alloys Co. describes their 
X-Ray inspection of Thermalloy 
heat resisting castings for high tem- 
perature work. Considerable data 
on the use of X-Ray tubes and 
“radon” capsules to check foundry 
practice are presented. Bulletin 
Oc-32. 


Sheffield Steels 


Wm. Jessop & Sons, Inc., have a 
booklet which tells why a special 
anneal and a proper balancing of 
carbon, manganese and _ tungsten 
combine to make Sheffield Superior 
oil hardening steel non-distorting 
and easily machinable. Bulletin 
Jn-61, 


Heat Treating Manual 


A folder of Chicago Flexible 
Shaft Co. contains conveniently ar- 
ranged information on heat treat- 
ing equipment for schools, labora- 
tories and shops, and also illustrates 
the several types of Stewart indus- 
trial furnaces. Bulletin Ar-49. 


New Tempering Furnace 


American Electric Furnace Co. 
has a new, low-priced electric air 
tempering furnace. It heats to 600° 
F. in 5 min. and to 1000° F. in 15 
min., transferring heat to work 50 
times faster than still air and 6 
— faster than salt. Bulletin 
Mr-2. 


Air for Furnaces 


Users of gas or oil-fired furnaces 
know the necessity for a depend- 
able source of large volumes of air 
at low pressures. A generously il- 
lustrated folder of Spencer Turbine 
Co. shows why their Turbo-Com- 
pressors give unfailing, economical 
air service. Bulletin Mr-70. 


18-8 Steels 


Republic Steel Corp. has pre- 
pared a new 16-page booklet giv- 
ing up-to-the-minute data on En- 
duro 18-8 stainless steels includ- 
ing their several special analyses. 
Authentic metallurgical and fabri- 
cating information is given. Bul- 
letin Je-8. 


Bright Annealing 


Electric Furnace Co. tells about 
their controlled atmosphere fur- 
naces for continuous deoxidize an- 
nealing, bright normalizing and an- 
nealing ferrous and non-ferrous 
metals. Work comes clean, bright 
and dry from these furnaces. Bul- 
letin No-30. 


Localized Heat Treating 


American Gas Furnace Co. offers 
information on production ma- 
chines for localized hardening, 
tempering or annealing of tools, 
saws, springs, screws and machine 
parts of all kinds, using gas as 
fuel. Bulletin Ag-11. 


Cast Vanadium Steel 


Jerome Strauss and George L. 
Norris have written a_ technical 
booklet for Vanadium Corp. of 
America describing the properties 
developed by steel castings contain- 
ing various percentages of vanadi- 
um. Bulletin S-27. 


Properties of Stainless 
Carpenter Steel Co. offers (to 
manufacturers in U. S. A. only) a 
handy pocket slide’ chart 
which gives at a glance a summary 
of technical data on all Carpenter 
stainless steels. Bulletin Se-12. 


Steel Specifications 

A handy, up-to-date specification 
sheet for carbon and alloy steels is 
offered by Timken Steel & Tube Co. 
On one page are printed analyses of 
all important types of Timken 
steels. Bulletin Jy-71. 


Carbonol Process 


The Carbonol process of carbu- 
rizing is described in detail in a 
folder of Hevi Duty Electric Co. 
Results are said to be quicker, 
cleaner and better cases at very low 
cost. Bulletin Jy-44. 


Quenching Handbook 


E. F. Houghton & Co. have pub- 
lished an excellent 80-page hand- 
book on the subject of quenching. 
More than 30 charts and photomi- 
crographs help tell the story. A 
copy will be sent free to those who 
request it. Bulletin J1-38. 
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Bright Annealing Wire—Con- 
Bright Annealing Tubing — tinuous, pusher type furnace 
Copper tubing in coils up to bright annealing fine F 
30 diameter and straight copper j 
lengths up to 35 ft. bright spools. 
annealed in above furnace. 3 
@i Annealing Stampings 
Seale Free Hardening—Controlled ce AA \e — Ferrous and non- 
atmosphere furnaces of the So ferrous tampings, it ari- 
ious type shown for @ ous shapes. annealed in continuous 
ting mi j roller hearth furnaces of type shown below 
ay 
Copper 
Brazing— 
The most intricate 
assemblies are neatly 
and cheaply joined in this 
continuous furnace. 
Bright Annealing Strip—Cold rolled 
teel strip bright annealed in the con- Annealing Brass Wire—Gas fired continuous furnace 
iS controlled atmosphere furnace annealing brass and bronze wire in coils. 
below 
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PUT YOUR PROBLEMS UP TO OUR EXPERIENCED ENGINEERS 
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Furnaces 


Electric 
Furnaces 
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ATTENTION 


Every Producer 
Every User Quality Steels 


When you visit 


the National Metal Congress and Exposition in 


New York, October First to Fifth, you will be 
looking for improved methods and superior 


quality products. 


We have new data 


and will demonstrate improved methods of 
steel ingot production that we believe will be 


helpful to all interested in quality steels. 
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